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OEGANIO    CKEMISTEY, 

OB  THE  CBEUSTBT  OF    THE  HYDBOCABBONS  AND    THEIB 
DEBIVATIVESL 


■     HISTORICAL  INTRODUCTION. 

2  Uakt  of  the  most  important  chemical  facts  kDovni  to  the 
ande&ta  have  their  place  in  the  Organic  portion  of  our  science. 
Thus,  for  example,  the  only  acid  with  which  the  ancientg  were 
acquainted  was  an  organic  suhstance,  viz.,  Tinegar  or  dilute 
acetic  add,  and  the  name  of  this  body  and  the  idea  of  acidity 
were  exfsessed  hy  cloaely  related  words,  0^09,  aceiut,  vinegar ; 
and  ofvs,  acidut,  acid.^ 

Again,  the  first  reagent  of  any  kind  which  we  find  described 
is  also  an  oi^^anic  body,  namely  the  extract  of  gall-nuts  with 
which,  as  Pliny  states,  the  aocienta  were  accustomed  to  ascei^ 
tain  whether  verdigris  was  adulterated  with  green  vitriol. 

The  first  rude  attempts  at  distillation  were  also  made  with 
an  organic  body,  viz.,  turpentine ;  whilst  the  first  salts  which 
were  artificially  prepared  were  organic  ones,  being  those  ob- 
tained by  the  action  of  vin^ar  on  the  alkalis.  The  mode 
of  preparing  soap  by  the  action  of  fats  apon  the  alkalis  was 
also  known  in  early  times.  In  addition  to  a  knowledge  of 
the  &ts  and  oils,  the  ancients  were  acquainted  with  various 
resins,  and  colouring  matters,  as  well  as  with  sugar  and  gum. 
They  likewise  understood  the  preparation  of  wine  from 
grape-juice,  and  certain  nations,  especially  the  Egyptians, 
Qanls  and  Qermans,  were  accustomed  to  prepare  beer  frota 
malted  grain. 

>  S«a  Vol  ii.  part  i.  p.  82. 
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4  HISTORICAL  IITTRODDCTION. 

As  the  directioD  in  which  the  science  first  dereloped  itself 
■was  that  of  alchemy,  the  object  of  which  was  the  conversion  of 
the  baser  metab  into  gold  and  silTsr,  it  ia  natural  that  nttention 
was  in  the  first  place  paid  rather  to  the  properties  of  mineral 
substances  than  to  those  of  organic  bodies,  Ifeverthelesa  im- 
provements in  general  chemical  processes,  especially  that  of 
distillation,  gradtially  led  to  the  discovery  of  definite  organic 
compounds  auch  as  spirit  of  wine  (agua  vUcb)  and  certain  of  the 
essential  oils.  The  action  of  heat  upon  bodies  when  ur  is  ex- 
cluded was  also  studied  in  early  times.  Thus  the  products  of  the 
dry  distillation,  as  tw^ow  term  this  process,  of  bodies  such  as 
cream  of  tartar  were  investigated,  and  the  action  of  acids  upon 
spiritsof  wine  and  other  organic  substances  was  likewise  examined. 

Later  on,  towards  the  sixteenth  century,  the  cultivators  of 
this  science,  as  we  hare  seen,*  exhibited  activity  munly  in  two 
directions,  in  the  first  {dace  iu  the  prosecution  of  the  bnuich 
science  of  metallui^,  and  secondly,  in  the  development 'of  iatro- 
chemistiy.  In  these  branches,  and  especially  in  the  latter,  it 
was,  however,  the  inorganic  diviuon  of  the  science  which  made 
the  most  rapid  strides,  because,  in  opposition  to  the  practice  of 
the  old  school,  the  use  of  metallic  preparations  as  medicines 
was  largely  introduced.  At  the  same  time  the  study  of  organic 
compounds,  and  especially  of  the  active  principles  of  organic 
bodies,  was  not  entirely  neglected.  Thus  during  this  period 
benzoic  acid,  succinic  acid,  wood-vinegar,  milk-sugar,  and  various 
ethers  were  discovered. 

Id  the  succeeding  epoch,  when  the  true  function  of  chemistry 
had  become  fully  recognised,  inorganic  compounds  still  claimed 
the  more  immediate  attention  of  chemists,  not  only  because 
they  are  more  stable  than  organic  bodies,  but  also  because  in 
the  latter  case  it  had  not  as  yet  proved  possible,  aa  it  had 
in  the  case  of  inoi^anic  bodies,  t«  determine  their  composition 
by  synthesis  as  well  as  by  analysis. 

a  From  this  period  it  ia  that  we  may  date  a  distinct  separation 
of  mineral  chemistry  from  that  portion  of  the  science  which  is 
concerned  with  the  study  of  substances  formed  in  vegetable 
and  animal  danisms.  For  a  long  time  chemical  compounds 
were  grouped  together  according  to  their  physical  properties, 
and  the  common  names  at  present  in  use  for  okany  substances 
remind  one  of  this  bygone  clasmfication.  Thus,  for  instance, 
olive  oil  and  other  vegetable  and  animal  oils  were  j^aced 
I  ToL  i  f.  8,  "  UiitoriMl  Intraduction." 
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together  with  oil  of  vitriol  and  witli  oleum  tartan  (deliquesced 
carbonate  of  potaab).  Alcohol  again  (spirit  of  wine)  was  classed 
with  atannio  chloride  (fuming  spirit  of  Libavius),  with  uumonia 
(spirit  of  faarishora),  and  with  nitric  acid  (s|Hrit  of  nitre),  &c 
Common  butter  was  placed  in  the  same  group  as  antimony 
trichloride  (butter  of  antimony)  and  other  semi-solid  metallic 
chlorides.  Colourless  solid  bodies  which  were  soluble  in  water, 
and  possessed  a  peculiar  taste  were  all  classed  together  as  salts, 
oven  sugar  being  placed  in  this  group, 

3  In  the  year  1675  ^Nicolas  L^meiy  published  his  Court  d» 
Ckymie,  In  this  work  the  um  of  cbematry  is  defined  to  bs 
a  knowledge  of  the  various  substances  "qui  se  rencontrent 
dans  un  mixte,"  understanding  by  this  term  all  growing 
or  increasing  natural  products.  L^roery  distinguished  these 
bodies  as  mineral,  vegetable,  and  animal  products.  In  the  first 
group  he  placed  the  metals,  minerals,  earths,  and  stones;  in  the 
second,  'plants,  resins,  the  different  kinds  of  gums,  fungi,  fruits, 
acids,  juices,  flowers,  mosses,  manna^  and  honey;  and  under 
the  third  head  he  described  the  varions  parts  of  animal  bodiesL 

Althoi^h  L^mery's  system  of  classification  was  generally 
accepted,  the  founder  of  the  phlogistic  theory  endeavoured  to 
show  that  the  observed  differences  depended  on  a  variation  in 
the  composition  of  the  bodies  chissed  under  each  head.  Thus 
Becber  in  1669  had  argued  that  tiie  same  elements  occur  in 
the  three  natural  kingdoms,  but  that  they  are  combined  together 
in  a  simpler  manner  in  mioeral  substances  than  they  are  in 
vegetable  and  animal  bodies.  Stabl,  on  the  other  band,  asserted 
in  1702,  that  in  vegetable  as  well  as  in  animal  substances  the 
watery  and  combustible  principles  predominate,  and  that  these 
make  their  appearance  when  such  an  organic  substance  is  heated 
out  of  contact  with  air,  water  and  combustible  charcoal  being 
formed. 

At  this  time,  as  well  as  during  the  preceding  period,  the 
investigation  of  oi^nic  compounds  was  carried  on  mainly  with  a 
view  either  to  the  preparation  of  medicines,  or  to  the  improve- 
ment of  technical  processes,  such  as  that  of  dyeing.  Only 
towards  the  close  of  the  phlogistic  period  did  organic  chemistiy 
begin  to  make  real  progress,  and  it  is  from  this  time  forward 
that  the  scientific  investigation  of  organic  bodies  can  be  said 
to  have  commenced. 

4  The  early  ideas  of  van  Helmholt  and  afterwards  of  Stahl, 
that  all  organic  substances  can  be  resolved  by  the  action  of 
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beat  into  their  ultimatd  coDStituents,  viz.,  aqueous  and  com' 
buBtible  principles,  were  snccesafully  combated  by  Boyle,  vfao, 
in  the  Sceptical  Chemist  (1661),  proved  that  this  is  not  the  case, 
inasmuch  as  the  application  of  heat  leads  to  different  results 
accordii^  as  air  is  permitted  to  have  access  or  not,  and  that  the 
various  residues  thus  obtained  in  no  vay  merit  a  uniform  de- 
signation. The  general  reception  of  Boyle's  views  was  slow  but 
sure.  Still  it  waa  not  until  I^voisier's  discovery  in  177S  of  the 
composition  of  carbon  dioxide,  and  Cavendish's  determination 
of  that  of  water,  that  the  &ct  of  the  existence  of  carbon  and 
hydrogen  in  alcohol  was  ascertained  (1784). 

5  Amongst  the  early  organic  researchea  of  a  truly  scientilio 
character  those  of  Scheele  deserve  the  first  mention,  for  he 
either  discovered  nearly  all  the  most  important  vegetable 
acids,  or  suggested  methods  for  their  discrimination.  Thus, 
he  showed  that  the  acid  from  lemons  differs  from  that  from 
grapes,  whilst  that  contained  in  ap{Jes  differs  again  from 
both  of  these.  He  proved  that  a  fourth  distinct  acid  is 
found  in  wood-sorrel,  and  pointed  out  that  this  can  be 
obtained  artificially  by  heating  sugar  with  nitric  acid.  Ho 
likewise  obtained  gallic  acid  from  gall-nuts,  uric  acid  from 
urine,  and  lactic  acid  from  sour  cow's  milk.  By  the  oxidation 
of  milk-sugar  he  prepared  mucic  acid,  a  substance  altogether 
different  from  the  acid  obtained  from  cane-sugar.  In  the  pre- 
paration of  these  and  other  acids  Scheele  employed  methods 
many  of  which  ore  in  use  at  the  present  day.  Scheele  also 
showed  that  &tty  oils  and  the  solid  fats  contain  the  common 
principle  glycerin,  termed  by  him  the  sweet  spirit  of  oils.  This, 
he  says,  is  connected  with  sugar  not  only  on  account  of  its  sweet 
taste,  but  also  because,  like  sugar,  it  ia  oxidized  to  oxalic  acid 
by  nitric  acid, 

Scheele'a  friend  Bergman  also  assisted  the  progress  of 
oi^anic  chemistry,  whilst  Bouelle  who  distinguished  himself 
by  researches  on  the  hitherto  neglected  division  of  animal 
chemistry,  discovered  urea  and  hippuric  acid. 

6  Investigations  such  as  these  drew  general  attention  to 
the  subject  of  organic  chemistry,  and  Lavoisier  having  estab- 
lished the  true  principle  upon  which  the  process  of  com-, 
bustion  depends,  turned  his  mind  to  this  interesting  branch 
of  the  science,  and  ascertained  the  ultimate  composition  of 
certain  organic  compounds.  He  came  to  the  conclusion  that 
vegetable  bodies  are  chiefly  composed  of  carlxm,  hydrogen,  and 
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osygeo,  whilst  the  compounds  of  the  animal  kingdom  contain 
in  additiou  to  these  elements,  nitrogen  and  not  unirequentl; 
phosphorus.^ 

The  Lavoisieriaa  system  of  chemistry  was  essentially  the 
cbemistry  of  oxygen  and  ita  compounds,  and  hence  attention 
was  naturally  directed  to  the  question  whether  a  given  com- 
pound is  capable  of  combining,  like  an  eleaient,  with  oxygen, 
or  whether  it  waa  already  combined  witli  this  element  To 
that  portion  of  a  substance  which  combines  with  oxygen, 
lAToisier,  at  the  suggestion  of  Guyton  de  Morveau,  gave  the 
name  of  la  base  or  le  radical.  This  might  either  be  an  elemen- 
tary substance,  such  aa  carbon,  "  le  radical  de  I'acide  carbonique," 
or  a  compound,  such  as,  "  le  radical  oxalique,  taitarique,"  &c. 

Kespecting  the  difference  between  oiganic  and  inoigamc 
compounds,  he  states  that  the  oxidizable  or  acid-forming  radicals 
of  the  mineral  kingdom  are  almost  always  simple ;  those  of  the 
vegetable  and  especially  of  the  animal  kit^om  are  however 
generally  composed  of  two  substances,  carbon  and  hydrogen, 
and  these  frequently  contain  nitrogeQ  as  well,  and  some- 
times phosphorus.* 

The  observation  that  the  elements  can  form  different  oxides 
led  to  the  supposition  that  this  might  likewise  be  the  case 
with  organic  radicals.  Thus  for  example  sugar  waa  considered 
to  be  a  neutral  oxide,  "d'un  radical  hydro-carboneux,"  whilst 
oxalic  acid  was  supposed  to  be  its  higher  oxida 

Amongst  his  more  important  investigations  in  the  domain  of 
organic  chemistry  Lavoisier's  research  on  fermentation  deserves 
especially  to  be  mentioned,  not  only  because  he  was  the  first 
to  point  out  that  sugar  ia  decomposed  into  carbonic  acid  and 
alcohol,  but  especially  because,  in  connection  with  this  particular 
reaction,  he  for  the  first  time  enunciated  the  principle  which 
underlies  the  whole  of  our  science,  viz.,  that  the  weight  of  the 
products  of  Etny  chemical  change  are  equal  to  the  sum  of  the 
weights  of  the  materials  taking  part  in  that  change,  and  hence 
that  all  chemical  decompositions  may  be  expressed  by  equations, 
the  truth  of  which  can  be  ascertained  by  the  analysis  of  the 
original  compound,  and  controlled  by  that  of  the  products  of 
decomposition. 

On  this  point  Lavoisier's  own  words  may  be  quoted :  "  We 
may  consider  the  substances  submitted  to  fermentatioa  and  the 
iktion,  pp.  173, 174. 
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producta  tesulting  from  that  operation  as  forming  an  algebraio 
equation  ;  and,  by  succeasively  auppoaing  each  of  the  elements  in 
this  equation  unknown,  we  can  calculate  their  values  in  succes- 
sion, Mid  then  verify  our  experiments  by  calculation  and  our 
calculations  by  experiment,  reciprocally.  I  have  often  success- 
fully employed  this  method  for  correcting  the  first  results  of  my 
experiments,  and  so  to  direct  me  in  the  proper  road  for  repeating 
them  to  advantage." ' 

It  must,  however,  be  especially  borne  in  mind  that  lAvoisier 
did  not  distinguish  organic  chemistiy  as  a  special  branch  of  the 
science;  still  less  did  he,  as  baa  been  stated,  define  this  porUoa 
of  chemistry  as  the  chemistry  of  compound  radicals.*  Thus  for 
example  he  arranged  all  the  acids  together,  dividing  them  li&e 
L^mery  into  mineral,  vegetable,  and  animal  His  more  im- 
mediate followers  also  adopted  this  course,  and  it  was  at  that 
time  only  occasionally  that  we  find  organic  bodies  classed 
together  in  a  group. 

7  By  degrees,  as  substances  common  to  both  the  animal  and 
the  vegetable  world  were  discovered,  the  distinction  between 
animal  and  vegetable  chemistiy  disappeared,  and  the  consequent 
fusion,  widening  the  area  covered  by  the  general  term  organic, 
gradually  led  to  adistmct  separation  into  Inotganic  and  Oi^nic 
chemistry.  At  the  same  time  no  exact  limit  could  be  said 
to  exist  between  these  two  divisions  of  the  science.  One 
reason  for  this  was  that  several  compounds  were  found  to  exist 
which  from  their  origin  must  be  considered  as  organic,  but  which 
yielded  on  analysis  results  proving  that  they  exactly  obey  the 
laws  ot  constant  and  multiple  proportion,  laws  supposed  at  that 
time  to  apply  only  to  compounds  belonging  to  the  mineral  king- 
dom. In  the  majority  of  instances,  on  the  other  hand,  organic 
bodies  appeared  not  to  obey  these  laws. 

8  For  the  purpose  of  obtaining  more  satisfactory  informa- 
tioD  on  this  question,  Berzelius,  in  1811,  proposed  to  investigate 
the  composition  of  such  substances  more  accurately  than  had 
hitherto  been  done.  That  this  was  much  needed  is  clear  when 
we  remember  that  Proust,  so  late  as  1803,  stated  that  acetic 
acid  contained  nitrogen,  and  that  Dalton  changed  his  formula 
for  alcohol  from  2  C  +  H  +  O  in  1803,  to  3  C  +  H  in  1810. 

With  this  view  Berselius  improved  the  processes  of  orguuc 
analysts,  and  then  ascertained   that  all  organic  compounds, 

'  LkTOisier,  ElemwU,  p.  197. 

*  Kopp,  Entwiditlwtg  d«r  ChemU  in  dn-  itnwFm  ZHt,  p.  fiSl. 
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althongh  in  most  cases  possessing  a  somewhat  complicated 
composition,  obey  the  laws  of  constant  and  multiple  pro- 
portions applicable  to  inoi^nic  componnds.  Agreeing  with 
the  views  of  Lavoiaer,  Berzeliua  explained  the  difference 
existing  between  these  two  great  divisions  hy  stating  that 
whilst  in  inoi^anic  nature  every  oxidized  componnd  contains 
a  simple  radical,  organic  bodies  consist  of  oxides  of  ctmpcnind 
radicals.  In  the  case  of  vegetable  substances  the  radical  usually 
consists  of  carbon  and  hydrogen,  whilst  in  the  case  of  animal 
substances  it  consists  of  carbon,  hydrogen,  and  nitrogen.* 

g  Berzelius,  however,  did  not  experimentally  investigate  these 
compound  radicals,  although  the  discovery  of  cyanogen  by 
Qay-LuBsac  in  1815  served  as  an  excellent  example  of  the 
existence  of  such  a  series  of  bodies.  The  cyanogen  com- 
pounds were,  bowever,  at  that  time  almost  invanably  placed 
amongst  inorganic  bodies,  for,  as  has  been  stated,  the  limit 
between  inorganic  and  organic  chemistry  wasnotcleariy  defined. 
Thus  Gmelin  in  1817,  in  the  first  edition  of  his  great  handbook, 
states  that  a  clear  distinction  ought  to  be  made  between  the 
two  classes  of  compounds,  but  that  this  distinction  can  be  more 
readily  felt  than  strictly  defined.  He  laid  down  that  Inorganic 
compounds  are  characterised  by  Uieir  binary  constitution,  the 
most  simple  consisting  of  compounds  of  two  elements,  a  basic 
oxide  or  an  acid  (that  is  what  we  now  term  an  acid-forming 
oxide),  which  can  again  unite  to  form  a  binary  compound  of  a 
higher  order,  namely,  a  salt  Organic  bodies,  on  the  other  hand, 
are  at  least  ternary  compounds,  or  are  composed  of  three  simple 
substances,  generally  united  together  in  I^  simple  proportions 
thao  is  the  case  in  inorganic  bodies.  Accordingly,  Qmelia 
describes  marsh  gas,  olefiant  gas,  cyanogen,  &c.,  in  the  inoi^^amc 
portion  of  bis  handbook.  He  likewise  adds  that  otganio  com- 
pounds cannot,  like  inorganic  compounds,  be  artificially  built  up 
finm  their  elements. 

About  the  same  time  Berzelius  ag^n  enforced  this  distinction 
between  inorganic  and  organic  bodies,  asserting,  like  Omelin, 
tbcit  the  first  could,  whilst  the  latter  could  not,  be  artificially 
produced.  He  assumed  that  in  living  structures  the  element 
obey  totally  different  laws  from  those  which  regulate  the  form- 
ation of  compounds  belonging  to  the  inanimate  world.  Thus 
ia  the  Introduction  to  his  Traiti^  he  says:  "Dona  la  nature 


:q,t7,:rb;G00<^lc 


10  HISTORICAL  INTRODUCTION. 

vivante  les  ^l^enta  paraissent  ob^tr  k  des  lois  tout  autrea 
que  dans  la  nature  ioorganique ;  lea  |ffoduita  qui  r&ulteut 
de  Taction  rticiproque  de  ces  ^I^menta,  di£f^nt  done  de  ceux 
que  nou3  priisente  la  nature  inorganique."  Ot^nic  bodies  were 
thus  believed  to  be  the  special  product  of  the  so-called  vital 
force.  He  admits  that  the  bodies  occurring  in  nature  may  be 
converted  into  other  oiganic  compounds  hy  chemical  decern- 
positions,  but  none  can  be  built  up  irom  their  elements. 

10  In  the  year  1828  came  Wbhler'a  memorable  discoTery  of 
the  artificial  formation  of  urea,  Cjanate  of  ammonia,  which  was 
considered  to  be  a  truly  inorganic  compound,  ia  easily  converted 
without  change  of  composition  into  urea,  a  product  of  animal 
life.  This  first  artificial  production  of  a  body  hitherto  only  pro- 
duced within  the  animal  organism  was  however  incomplete,  for 
up  to  that  time  the  cyanogen  compounds  had  not  been  prepared 
from  their  elementa.  Again,  thisformatioa  remained  for  a  long 
time  the  only  one  of  its  kind,  and  the  belief  in  the  existence  of 
a  peculiar  vital  force  still  retained  a  firm  footing.  Besides,  it 
waa  believed  that  urea,  a  subatance  so  easily  decompoaed 
into  carbon  dioxide  and  ammonia,  and  moreover  only  ex- 
creted by  the  animal  body,  must  be  looked  upon  as  striding 
half  way  between  organic  and  inorganic  compounds,  and  it 
was  thought  that  it  would  still  remain  impossible  to  pre- 
pare artificially  any  of  the  other  more  complicated  organic 
substances. 

At  the  present  day  the  belief  in  a  special  vital  force  has 
ceased  to  encumber  scientific  progress.  We  now  know  that  the 
same  lawa  of  combination  regulate  the  formation  of  chemical 
compounds  both  in  animate  and  in  inanimate  nature.  So  soon 
ae  the  constitution  of  any  product  of  the  organic  world  has 
been  satisfactorily  ascertained  we  look  forward  with  confidence 
to  its  artificial  preparation. 

11  A  modification  of  the  early  theory  concerning  the  com- 
position of  organic  compounds,  by  which  they  were  supposed  to 
consist  of  the  aqueous  and  the  combustible  principles,  and  to 
which  allusion  has  been  made,  took  place  in  1815,  inconsequence 
of  the  experiments  of  Gay-Lussac,  who  found  that  the  weight  of 
a  volume  of  alcohol  vapour  is  equal  to  the  sum  of  the  weights 
of  one  volume  of  aqueous  vapour  and  one  of  olefiant  gas ;  one 
volume  of  ether  vapour  being  equal  to  one  volume  of  the  first 
and  two  of  the  latter  constituent.  At  the  same  time  Eobiquet 
and  Colin  had  shown  that  hydrochloric  ether  (ethyl  chloride) 
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may  be  considered  to  be  &  compound  of  bydrocbloric  acid 
with  olefiant  ga& 

Founded  upon  this  observation  Dumas  and  Boullay'  pro- 
poaed  a  theoiy  according  to  which  many  derivatives  of  alcohol 
may  be  considered  to  be  compounds  in  which  olefiant  gas  is 
contained,  in  the  same  way  as  ammonia  is  present  in  the 
amjnoniacal  salts.  Berzeliua,*  who  was  originally  opposed 
to  this  view,  adopted  it  at  a  later  period,  and  proposed  that 
the  name  .^therin  should  be  given  to  olefiant  gas,  C^H^.  The 
following  table  is  taken  from  Dumas  and  Bonllay's  memoir, 
the  fonnnbe  being  however  altered  in  accordance  with  the 
modem  atomic  weights: 

HTdrocUoTste  of  biearbiiratted  Ammonia  hjdrochlMide,  ITB^  HCI. 

hydrogen,  C,H,  HO. 
Kitrite  of  bicMrbnretted  bjdnigeii,  Ammonia  nitrite,  VH^  ENO^ 

C,H^  HMO, 
Sulphate  of   bicarbtintt«d   hydrogen.        Add  ammonia  mlphata,  MH^HtSOt. 

C,H„  H^«. 
Aloohol,  Cfit,  HjO.  Aqueous  Ammonia,  NH^  H,0. 

Etber,  ((VI4),  U«0. 

Not  only  did  they  apply  this  system  of  classification  to  other 
derivatives  of  alcohol  but  they  attempted  to  extend  the,ir  theory 
to  all  organic  compounds.  Although  it  was  found  possible  to 
arrange  a  certain  nnmber  of  oFganio  bodies  according  to  this 
system,  the  eetherin  theory  did  not  command  general  recogni- 
tion, partly  because  a  large  number  of  organic  bodies  could  not 
thus  be  classed,  and  partly  because,  in  many  instances,  &cts  were 
against  the  theory.  Thus,  for  example,  although  alcohol  could 
be  converted  into  ether  or  olefiant  gas  by  the  withdrawal  of 
Uie  elements  of  water,  it  was  not  possible  to  obtain  this  or 
any  of  the  other  setherin  compounds  by  the  juxtaposition  of 
their  supposed  proximate  constituents,  sach  a  synthesis  being 
possible  in  the  case  of  the  ammoniacal  salts. 

13  The  classical  research  of  Liebig  and  Wohler*  on  the 
radical  of  benzoic  acid  published  in  1832  was  welcomed  by 
Berzehus  as  the  dawn  of  a  new  era. 

In  this  celebrated  investigation  the  authors  proved  that  bitter- 
almond  oil,  benzoic  acid,  and  a  number  of  compounds  obtained 
from  these,  may  all  be  supposed  to  contain  a  group  of  atoms 
or,  as  they  expressed  it,  "  zusammengeaetzter  Qnindstoff,"  or 
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eojnjmtnd  radical,  to  which  they  gave  the  name  benzoyl,  the 
termination  "  yl "  being  derived  &om  the  Greek  CXt),  matter. 

It  has  been  ahready  stated  that  Berzelius,  like  Lavoisier,  con- 
Bidered  that  organic  compounds  containing  oxygen  must  be 
looked  lipou  as  the  oxides  of  hydrocarbon  radicals.  The  tadical 
benzoyl,  C^EC^O,  however,  containa  oi^en,  and  hence  the  {He- 
dominating  influence  which  this  element  had  hitherto  been 
supposed  to  exert  from  this  time  forward  ceased,  and  oxygen 
was  placed  on  a  footing  of  equality  with  the  other  elements. 

The  radical  theory  was  now  enlarged  both  by  Berzelius  and 
Liebig,  although  neither  of  them  agreed  in  the  special  views  which 
the  other  advocated.  Whilst  both  opposed  the  ntherin  theory, 
according  to  which  alcohol  and  ether  must  b^  considered  to' 
be  compounds  of  olefiant  gas  and  water,  Berzelius  considered 
the  above  compounds  as  oxides  of  two  different  radicals,  whereas 
Liebig^  in  a  memoir,  properly  deemed  another  pillar  of  the 
radical  theory,  showed  that  both  compounds  contain  the  same 
radical  for  which  he  proposed  the  name  of  eth/l.  Accord- 
ing to  his  view  ether  is  the  oxide,  and  alcohol  the  hydrate  of 
this  oxide.  The  compounds  obtained  by  the  action  of  acids 
on  alcohol  he  considered  to  be  saline  compounds  of  the  base 
ethyl  oxide.  A  similar  oonstitntion  was  ascribed  to  the  other 
alcohols  and  their  derivatives,  so  that  each  contains  a  radical 
which  jJays  a  part  similar  to  that  played  by  potassium  or  any 
other  metal  in  its  salts.  It  is  interesting  to  remember  that  so 
long  ago  as  the  year  1834  Liebig  asserted  that  it  would  probably 
be  found  possible  to  isolate  these  radicals  by  the  decomposition 
of  tiieir  chlorides  or  iodides. 

Alcohols  on  oxidation  yield  monobasic  acids ;  methyl  alcohol, 
or  wood-spirit,  yields  formic  acid,  CH,Oj,  ethyl  alcohol,  or 
spirit  of^iae,  being  similarly  converted  into  acetic  acid,  C^H^O^ 
The  analogy  between  these  acids  and  monobasic  benzoic  acid 
was  not  far  to  seek,  and  thus  the  existence  in  these  acids  of 
the  oxygenated  radicals  CHO  and  C^H^O  was  assumed. 

Berzelius,  however,  took  exception  to  this  view  and  asserted 
that  benzoyl,  although  in  many  respects  acting  like  a  simple 
body,  must  be  regarded  as  the  oxide  of  the  body  CjHj,  Like 
other  oxides  benzoyl  can  unite  with  more  oxygen  to  form  an 
acid.  Hence  formic  acid  contains  the  radical  formyl,  CH,  and 
acetic  acid  the  radical  acetyl,  C,H,.  laebig  afterwG^  adopted 
this  view,  finding  that  by  this  means  it  became  possible  to  group 
'  Ann.  Pham,  ix.  1. 
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a  latge  number  of  compounds  round  a  common  centre.  Thus 
he  Bupposed  that  vinyl  chloride  {monochlorethene),  CgHjCl, 
discovered  by  Begnault,  may  be  looked  upon  ae  acetyl  chloride, 
and  that  aldehyde,  CjH^O,  (which  he  prepared  about  this  time), 
as  well  as  acetic  acid  may  be  regarded  as  the  hydrates  of  two 
distinct  acetyl  oxides.^  In  a  similar  way  he  considered  chloro- 
form (which  he  had  also  just  discovered)  to  be  the  chloride  of 
formyl,  assuming  that  it  stands  to  formic  acid  in  the  same 
relation  as  phosphorus  trichloride  does  to  phosphorous  acid. 

In  1837  Dumas  adopted  these  ideas  and  in  bis  own  name, 
as  well  as  in  that  of  Liebig,  explained  the  formation  of  so 
latge  a  number  of  naturally  occurring  organic  compounds  &om 
so  small  a  number  of  elements,  by  the  fact  that  these  unite 
together  and  give  rise  to  various  radicals  which  sometimes  play 
the  part  of  chlorine  and  oxygen,  and  sometimes  that  of  a 
metal.  Badicals  such  as  cyanogen,  ethyl,  benzoyl,  &c,  may  be 
said  to  constitute  the  elementary  bodies  of  organic  chemistry, 
their  elementary  compononta  being  only  recognised  when  the 
oigsoic  nature  of  the  compound  is  entirely  destroyed. 

The  discovery  and  isolation  of  these  radicals  was  the  task 
which  Dumas  and  Liebig  in  conjunction  with  their  younger 
colleagues  set  themselves  to  perform.* 

13  The  essential  idea  of  the  chemical  constitution  of  organic 
compounds  conceived  by  Berzeliua  was  a  dualistic  electro- 
chemical one,  analogous  to  that  which  he  upheld  in  inorganic 
chemistry,  the  difference  being  that  organic  radicals  play  a 
part  similar  to  that  played  by  the  elements  in  the  inorganic 
portion  of  the  science.  According  to  him  the  radicals  are 
divided,  like  the  elements,  into  electro-positive  or  base- 
forming,  and  electro-negative  or  acid-forming  radicals.  In  the 
former  division  are  classed  metals,  hydn^en,  and  the  alcohol 
radicals;  in  the  latter  the  elements  of  the  chlorine  group, 
oxygen,  benzoyl,  &c 

"By  the  comparison  of  the  behaviour  of  inorganic  with  that 
of  organic  compounds,"  says  Liebig,'  "  we  are  led  to  reci^nise 


'  In  order  to  nnderstsiid  tliB  above  rdatioiis  It  Tnast  be  boms  (n  mind  tliat  tho 
equimUnt  wsigbt&  ff =1,  0=8,  C~6,  ftc.,  were  then  employed  in  place  of  the 
ai/imic  weight  waicli  we  now  use.  "We  thus  have  the  formnla  :  water,  EO ; 
ether,    C,ffjO ;    alcohol,    C^SfO,  SO ;   aldohydo,    GJf,0,  HO ;    ftcetio    acid. 


■  jlitn.  Pharm.  xxv.  3. 


'i^jO*.  ^0;  chloTOform,  C^HCl,  ;  formic  acid,  C^S^O,  HO.     In  the  aeqaeltho 
M  of  these  old  equivalent  weights  will  be  indicated  by  die  symbols  of  the 
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the  existence  of  certain  compoaent  parts  which  do  not  undergo 
alteration  in  a  series  of  compounds,  and  can  be  replaced  by 
elementary  bodies;  of  component  parts  which  combine  with 
elements  to  form  compounds  in  which  the  elements  can  be 
replaced  by  others ;  of  component  parts,  therefore,  which  take 
the  position  of  simple  bodies  and  play  the  part  of  elements. 
In  this  way  the  idea  of  compound  radicals  has  arisen. 

Hence,  we  term  cyanogen  a  radical — (1)  because  it  is  an 
tinchanging  constituent  in  a  series  of  compounds ;  (2)  because 
it  may  be  replaced  ia  these  compounds  by  simple  bodies ;  and 
(3)  because  in  its  compounds  with  elementary  bodies  these 
latter  can  be  set  free  and  replaced  by  their  equivalents  of  other 
simple  bodies.  Of  these  three  conditions,  at  least  two  must  be 
fulfilled  if  the  radical  is  to  be  considered  as  a  true  one. 

This  definition  of  a  compound  radical  is  fully  accepted  at 
the  present  day. 

14  The  new  era  welcomed  by  Berzelins  thus  appeared  to 
open  brightly,  but  these  hopes  were  apparently  not  destined 
to  be  realized,  for  whilst  Liebig  and  Berzelius  continued  to 
uphold  their  new  views,  the  latter,  indeed,  defining  organic 
chemistry  as  the  chemistry  of  compound  radicals,^  Dumas  put 
forth  ideas  which  appeared  to  him  to  be  incon^tent  with  the 
radical  theory.  Much  difficulty  had  been  experienced  in  ex- 
plaining, according  to  the  radical  tfaeoiy,  a  large  group  of 
bodies,  examined  especially  by  the  French  chemists,  and  ob- 
tained by  the  action  of  chlorine  on  organic  compounds.  It 
had  been  noticed  that  in  this  reaction  hydrogen  is  expelled, 
chlorine  entering  into  combination,  and  this  in  equivalent 
quantities,  one  atom  of  chlorine  being  taken  up  for  every  atom 
of  hydrogen  which  the  body  loses.  These  observations  attracted 
but  little  attention  until  the  year  1834,  when  Dumas  found  that 
hydrogen  in  oil  of  turpentine  can  be  replaced  atom  ior  atom 
by  chlorine,  thus : 

C„H„  +  CI,  =  C„H^C1  +  HCL 

He  considered  that  these  £icte  are  based  upon  a  law  of  nature, 
to   express   which    he    suj^ested    the    name    of   Metalepsy  * 
(/i£T<aXi}^(7,  an  exchange).     By  the  study  of  these  phenomena 
Dnmae  arrived  at  his  empirical  law  of  substitutions^  namely  : 
(1)  If  the  hydrogen  contained  in  a  hydrogenized   body  be 
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withdiawQ  by  the  action  of  chlorine,  bromine,  iodine  or  oxygen, 
for  eveiy  atom  of  the  first,  one  atom  of  the  elements  of  the 
chlorine  group  or  half  an  atom  of  oxygen  is  substituted.' 

(2)  If  the  compound  contain  oxygen  the  same  law  holds  good. 

(3)  If,  however,  the  body  contain  water,  the  hydrogen  of 
the  water  is  first  removed  without  substitution,  and  then  tho 
zemaiDing  hydrogen  is  substituted  as  in  case  No.  1. 

Thia  last  statement  was  necessary  because  alcohol,  which 
■was  considered  to  be  a  hydrate  of  ethylene,  CgH^HjO,  is  con- 
verted by  chlorine  into  chloral,  CjHCIgO.  These  rules  are 
known  as  Dumas'  theory  of  Bubstitutiona. 

15  Laurent,  amongst  the  younger  chemists,  especially  devoted 
himself  to  the  advancement  of  this  pubject.  He  found  that  the 
replacement  of  hydrogen  by  its  equivalent  of  chlorine  does  not 
always  take  place,  particularly  in  the  case  of  oxygenated  bodies, 
and  that  for  this  reason  Dumas'  third  rule  is  incorrect.  He 
also  showed  that  in  those  cases  in  which  substitution  atom  for 
atom  takes  place  the  physical  and  chemical  properties  of  the 
substitution-product  resemble  those  of  tho  original  body. 
Hence,  he  says,  the  chlorine  takes  up  the  position  vacated  by 
the  hydrogen  atom.  In  the  new  compound  chlorine  plays  tha 
part  which  hydrogen  does  in  the  original  body.* 

Dumas  did  not  support  this  view.  He  states  that  his  theoiy 
is  purely  empirical,  and  when  Berzelius  iirged,  ogainst  him 
instead  of  against  Laurent,  that  he  entirely  ignored  the  electro- 
chemical difference  between  hydrogen  and  chlorine,  Dumas 
replies  that  Berzelius  attributes  to  him  a  view,  namely,  that 
the  chlorine  takes  the  actual  j^ace  of  the  hydrogen,  diamet- 
rically opposed  to  that  which  he  has  always  held.  He  adds, 
moreover,  that  he  will  not  bold  himself  responsible  for 
alterations  which  Laurent  had   made  in  his  theory. 

In  subsequent  years  the  researches  of  Laurent,  Regnault, 
and  Mal^^ti,  added  a  large  number  of  substitution-products 
to  those  which  vrere  already  known,  and  Dumas  himself  dis- 
covered tricbloracetio  acid,  an  instance  in  which,  more  than  in 
any  other,  the  substitution-product  exhibits  analt^y  with  the 
original  substance,  so  that  at  last  Dumas  not  oidy  adopted 
Laurent's  views  but  expanded  them  considerably. 

16  Before  we  proceed  to  the  further  consideration  of  the 
progress  made  in  this  direction  it  becomes  necessary  to  mention 

DnniM  at  tliat  time  employed  the  now  nniveraBlly  adopted  atotnio  weight  for 
oxjgm.  *  ^im.  Cftwft.  I'hy$.  [2],  lit  1*0. 
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a  theory  of  chemical  constitutioii  bronght  forward  "bj  Laurent 
in  1836.  This  theory,  termed  the  nudetis  theory,  has  indeed 
never  been  generally  adopted,  althongb  Gmelin  made  use  of 
it  in  biB  handbook  with  certain  alterations,  as  a  foundation 
for  a  classification  of  organic  compounds. 

According  to  thia  theory  each  oi^anio  compound  conteins  a 
group  of  atoms  termed  a  nucleus  or  germ.  Primary  nuclei 
consist  of  carbon  and  hydrogen,  and  in  these  the  hydrogen 
may  be  replaced  by  other  elements  or  by  groups  of  atoms.  In 
this  case  derivative-  or  secondary-nuclei  are  produced,  and 
these  exhibit  both  in  composition  and  in  chemical  properties  a 
striking  analogy  to  the  primary  nuclei.  Other  atoms  may 
be  attached  to  this  nucleus,  or  they  may  quite  surround  it,  and 
when  these  are  removed  the  primary  nucleus  makes  its  ap- 
pearance, Laurent  further  assumed  that  organic  compounds 
always  contain  an  even  number  of  atoms,  and  hence  the 
formuls  which  he  adopts  are  frequently  double  of  those  which 
are  now  employed. 

17  Iq  the  year  1839,'  Dumas  developed  the  substitution 
theory  to  a  theory  of  chemical  types,  the  [Manciples  of  which  he 
thus  enunciated : — 

(1)  The  elements  of  a  compound  body  can,  in  many 
instances,  be  replaced,  either  by  other  elements  in  equiva- 
lents, or  by  compound  bodies  which  are  capable  of  playing 
the  part  of  Bimple  ones. 

(2)  When  such  a  substitution  takes  place  in  equivalent  pro- 
portions, the  body  which  is  fonned  by  such  a  substitution  re- 
tains its  chemical  type,  and  the  element  which  has  entered  into 
the  compound  plays  the  tame  paii  as  the  element  which  has 
been  withdrawn. 

In  addition  to  the  chemical  types,  in  which  Dumas  included 
the  following, 

{CjH^Oj Acetic  acid 
CaHjClO, Chloracetic  acid 

(CjH^O Aldehyde 

IC^CljO Chloral 


1^ 

IC 


fCHCl Chloroform 

-j  CHBrj Bromoform 

^CHIg Iodoform, 


'  CompUs  Sendv*,  tuL  6 
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he  adopted  B^^alt'a  Baggestiou  respecting  the  existence 
of  molecular  or  mechanic^  types,  according  to  wliich,  two 
Bubetaoces  belong  to  the  same  type  when  eubstitution  has 
taken  place,  provided  that  the  number  -of  elementary  atoms 
remains  constant.  TJnder  this  he  inclnded  compounds  which  con- 
tain the  same  number  of  atoms  but  possesB  different  properties, 
such,  for  instance,  as  aloohol  and  aoetic  acid. 

Dumas  pointed  out,  moreover,  that  the  properties  of  a  com- 
pound depend  rather  upon  the  arrangement  of  its  parts  than  upon 
their  special  nature.  He  compared  chemical  compounds  t«  a 
solar  system  of  which  the  coD^tnent  parts  are  h^d  bother 
by  their  mutual  attractions.  The  system  remains  the  same  if 
the  atom  of  one  element  be  replaced  by  that  of  another. 

As  the  best  proof  of  the  truth  of  his  ideas,  Dumas  laid 
weight  upon  the  fact  that  acetic  acid,  C^Hfi^,  and  trichloracetic 
acid,  CJlClfi„  possess  the  closest  resemblance  in  chemical 
properties. 

Berzelius,  who,  as  we  have  seen,  opposed  the  theory  of 
substitutions,  pointed  out  the  dissimiJari^  between  the  two 
bodies  and  insisted  on  the  fact  that  their  essential  properties 
are  distinctly  different.  HJe  considered  acetic  acid  as  a  hydrated 
oxide  of  a  hydrocarbon-radical  termed  acetyl,  0^^,  whereas 
trichloracetic  acid  is  a  copulated  compound  of  oxalic  acid  and 
chloride  of  carbon : 

Acetic  acid      .        .         .         C^S^O^  +  EO. 
Trichloracetic  acid  .        .         £7,C/,  +  Gfi^  +  EO, 

The  constitution  of  oUier  substitution-products  was  viewed  by 
Berzelius  in  a  similar  light,  although  for  this  purpose  he  was 
obliged  to  double  and  sometimes  to  treble  the  simplest  formahe 
of  many  compounds,  and  thus  so  to  complicate  the  subject 
that  his  theory  was  not  generally  accepted. 

28  Liebig  opposed  the  views  of  Berzelios,  which  he  said 
depended  on  a  number  of  considerations  which  have  no 
foundation  in  &ct.  He  pointed  out  that  even  in  inorganic 
chemistry  the  metal  in  permanganic  acid  can  be  replaced  by 
chlorine  without  altering  the  form  of  the  substance,  although  no 
two  substances  are  more  unlike  than  chlorine  and  manganese. 
Facts  like  these,  be  says,  must  ramply  be  accepted.  If  manganese 
can  be  replaced  l^^  chlorine,  why  should  a  similar  replacement 
of  hydrogen  appear  incredible  ?  ^ 

In  another  place*  IJebig  remarked  that  Berzelius  was  the  first 

*  ^RH.  Fha/rok  xsii,  US  [foot  Jiote).    *  ^nit.  Pkarvi.  xxxii  72  (foot  nuts). 
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to  adopt  the  vi&w  that  organic  acids,  ethers,  and  so  forth,  are 
the  oxides  of  compound  radicals,  and  he  admits  that  this 
vieir  illumiDcd  many  a  dark  chapter  iu  organic  chemistrf. 
The  analogy  which  Berzelius  first  pointed  out  between 
oi^^anic  and  inorganic  compoands  ought  however,  he  con- 
tinues, not  to  be  carried  on  beyond  a  certain  point,  for  if 
tho  principles  of  inorganic  chemistry  he  consequently  followed 
out  in  organic  chemistry,  the  e£Fect  is  rather  that  of  com- 
plication than  of  simplification. 

At  the  same  time  Liebig  did  not  hesitate  to  attack  the  French 
chemists,'  who  went  too  &r  for  him,  and  when  Dutnas  assumed 
that  the  carbon  in  organic  substances  could  be  rej^aced,  he 
turned  upon  him,  and  in  a  satirical  vein,  in  a  letter  dated  from 
Paris,  and  signed  (anglice)  S.  Windier,*  relates  how  not  only  all 
the  hydrt^n  and  all  the  metal  in  acetate  of  manganese  has 
been  substituted  atom  by  atom  for  chlorine,  but  how  at  last 
even  the  carbon  has  been  in  like  manner  replaced,  and  that 
the  final  product,  although  consisting  of  nothing  but  chlorine, 
possessed  the  chief  characteristic  properties  of  the  original  salt ! 

ig  Facts  bearing  out  the  truth  of  the  law  of  substitutions, 
BO  far  at  any  rate  ss  the  replacement  of  hydrogen  is  coa- 
cemed,  rapidly  increased ;  but  a  still  more  important  discovery 
was  that  of  reverse  substitutions,  that  is,  the  production  of 
the  original  body  &om  the  substitution-product. 

In  1842  Ifelsens  showed  th^t  by  the  action  of  potassium 
amalgam  trichloracetic  acid  can  be  converted  into  acetic 
acid.  Such  observations  did  not  however  convince  Berzelius, 
who  now  looked  upon  acetic  acid  as  an  oxalic  acid  copulated 
with  methyl,  C^Eg  +  CjOf+ HO;  explaining  in  the  same  way 
the  constitution  of  other  compounds  capable  of  undergoing  sub- 
stitution. He  supposed  that  all  these  contained  a  group  con- 
sisting of  carbon  and  hydrogen,  and  termed  by  him  the  copula, 
in  which  the  hydrogen  is  replaced  by  chlorine,  etc 

In  1845  Ho&nann  discovered  the  chlorinated  anilines,*  and, 
as  Liebig  in  a  note  to  this  important  investigation  expressed 
bis  conviction  iu  the  truth  of  die  newer  views  more  strongly 
than  before,  Berzelius  replied  that  all  organic  bases  must  be 
regarded  as  copulated  ammonias.  Aniline  is  the  compound 
Cj^t  +  NgH,  and  chloraniline  is  0^,  CI + NH^  Both  contain 
anmionia  as  a  basic  constituent.  The  composition  of  the 
copula  is  a  matter  of  indifference. 
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Id  the  assumption  of  the  copula,  the  dispute  with  Laurent 
as  to  whether  cblorine  could  replace  hydrogen  and  fulfil  its 
fanctiona  had  been  overlooked.  That  which  was  held  to  be 
absurd  was  at  once  accepted  as  a  simple  and  clear  expression 
of  foct.  Berzelius  however  continued  in  opposition.  His 
formuhe  gradually  became  more  and  more  complicated,  and  he 
was  compelled  to  adopt  more  and  mofe  doubtful  hypotheses. 
Thus,  for  example,  he  represented  dichlorformic  ether,  a  com- 
pound obtained  by  Malagnti  by  acting  with  chlorine  on  ethyl 
formate,  as  being  copulated  of  anhydrous  formic  acid,  formyl 
chloride,  anhydrous  acetic  acid,  and  acetyl  chloride,  giving  it  the 
formula  2  0^0^  +  0^01^+2  O^HiP^  +  C^H^Cl^;  whilst  now, 
according  to  the  new  atomic  weights,  the  formula  is  written 
CjHjOIjO^  We  need  not,  therefore,  be  surprised  to  find  that 
after  Berzelius's  death  the  supporters  of  his  views  experienced 
great  difiSculty  in  rebuilding  the  radicals  from  the  copuhe. 

so  The  radical  theory  had  meanwhile  received  most  valuable 
support  from  Bunsen's  classical  researches  on  the  cacodyl  com- 
pounds. He  showed  that  these  contain  a  common  group  of  atoms, 
cacodyl  (afterwards  called  arsendimethyl,  (CHglgAs,)  a  body 
which  exactly  acts  as  a  metal,  and  can  exist  in  the  free  state.' 

Soon  afterwards  Kolbe  and  Frankland  succeeded  in  preparing 
&om  the  compounds  of  the  alcohol  radicals  the  hydrocarbons 
which,  according  to  their  empirical  formulae,  must  be  con- 
sidered as  the  free  radicals.  The  isolation  of  the  alcohol 
radicals  as  well  as  of  cacodyl  was  naturally  welcomed  by  the 
followers  of  the  radical  theoiy,  inasmuch  as  it  placed  that 
which  had  hitherto  only  been  a  hypothesis  in  the  rank  of 
known  facts. 

The  question  formerly  much  discussed  respecting  the  pos- 
sibility of  the  existence  of  a  radical  containing  oxygen  was 
again  taken  up.  Berzelius  had  denied  the  possibility  of  the 
existence  of  such  a  body,  and  in  1843  he  argued  that  this  view 
is  as  incorrect  as  that  which  assumes  sulphurous  acid  (sulphur 
dioxide)  to  be  the  radical  of  sulphuric  acid,  or  manganese 
peroxide  to  be  that  of  manganic  acid.  He  adds :  "  an  oxide 
cannot  be  a  radical ;  the  very  definition  of  the  word  radical  is 
that  it  is  a  body  which  combined  with  oxygen  forms  an  oxide." 

But  as  soon  as  the  upholders  of  the  radical  theory  adopted 

the  theory  of  substitutions  they  were   obliged  to  admit  that 

the  electro-n^ative  element,  chlorine,  is  capable  of  taking  the 

place  of  electro-positive  hydrogen  without  any  great   alteration 

>  ^im.  Chmt,  Pharm.  xlii.  14 ;  Fkil  Mag.  [3]  xx.  841,  88S,  S9G. 
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occurring  in  the  nature  and  properties  of  tfae  componod ;  ftnd 
when  ttiis  bad  been  once  admitted,  tlie  possibility  that  oxygen 
may  also  replace  hydrogen  could  no  longer  be  denied. 

ax  The  further  development  of  tbe  doctrine  of  substitutions 
and  of  the  theory  of  types  led  to  a  clearer  understanding 
of  the  terma  equivalent,  atom,  and  molecule. 

In  this  direction  the  development  of  the  theory  of  polybaaic 
acids  had  an  especial  value.  It  has  been  already  remarked 
(Vol.  ii.  p.  35)  ijiat  according  to  the  dualistic  view  the  neutral 
or  normal  salts  of  the  oxyacids  must  be  regarded  as  compounds 
of  a  ba^c  oxide  with  an  acid,  or  rather  with  ui  acid-forming 
oxide,  irhilst  the  add  salts  must  be  considered  to  be  com- 
pounds of  a  neutral  salt  with  a  hydrated  acid.  Hence  in 
those  days  the  following  formulee  were  in  vogue : 

Hydrated  solphuiic  add  SO^O, 
Neutral  Bnl|Jiate  of  potash  KO.SOg 
Add  sulphate  of  potash       KO.SO^  +  MO^O^ 

According  to  these  formulee  the  acid  salt  contaios  twice  as  much 
acid  as  the  normal  or  neutral  salt. 

Phosphoric  acid  and  citric  add  formed,  however,  exceptions 
to  this  rule,  for  these  were  considered  as  tribasic  acids,  and  their 
formula  as  well  as  those  of  their  salts  are  not  divisible  by 
three: 

Phogphorio  Acid.  Acid  S«lt»^ Neutral  Salt*. 

PO^ZSO.  P0t.2S0.aa0.  POf.  H0.2ilaO.  P0f.ZNaO. 

Citric  Add. 

According  to  Berzelios  the  only  peason  for  considering  an  add 
to  be  polybaaic  is  that  its  formula  is  not  thus  divisible.^ 

After  tjie  publicatiou  of  Graham's  classical  investigations  on 
the  various  modifications  of  phosphoric  acid  and  its  salts,  Liebig  * 
in  1838  proposed  his  theoiy  of  polybaflic  acids  founded  upon  a 
complete  investigation  of  tbe  salts  of  a  number  of  organic 
adds.  He  showed  that  many  organic  Eicids  resemble  pho^ 
phorio  and  citric  adds  inasmuch  as  one  equivalent  of  these 
can  take  up  from  one  to  three  equivalents  of  a  base.  Such 
acids  he  considered  to  be  polybasic,  even  if  their  fonnute  were 
divisible.  And  he  considered  the  capability  of  forming  certain 
double  salts  to  be  the  special  characteristic  of  this  class  of  adds. 
1  Eeknlj,  Lehrb.  L  80.  ■  Am.  Fharm.  xxrL  IS. 
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The  theoiy  of  poIj'basLG  acids  was  further  developed  hy 
lAurent  and  Gerhaxdt,  the  latter  pointing  out  that  the  property 
of  forming  two  or  more  ethers  was  peculiar  to  these  bodies. 
Whilst  Laurent  added  that  the  same  holds  good  for  their 
amides.  Both  of  these  investigators,  whose  names  will  always 
he  honourably  associated  in  the  history  of  the  science,  laboured 
incessantly  to  combat  the  views  concerning  the  constitutioa  of 
chemical  compounds  which  they  deemod  incorrect,  and  to 
replace  them  by  others  which  are  more  in  haimosy  wiUi 
ascertained  &cts. 

aa  The  interesting  speculations  of  Laurent  and  Oerhardt 
concerning  the  relative  magnitudes  of  the  atom  and  mole- 
cule went  iar  to  settle  our  views  on  these  points,  and  the 
aigumenta  which  they  made  use  of  for  this  purpose  bold  good 
at  the  present  day. 

Laurent'  founded  his  conclusions  especially  on  chemical 
analc^es,  and  upon  the  similarity  observed  in  corresponding 
chemical  reactions.  Thus,  for  instance,  ho  showed  that  a  mole- 
cule of  chlorine  must  consist  of  two  atoms,  inasmuch  as  when 
it  acts  upon  organic  compounds  either  two,  four,  or  six  atoms, 
and  never  one,  three,  or  five  atoms  take  part  in  the  reaction. 
He  came  to  the  same  conclusion  by  comparing  the  action  of 
chlorine  with  that  of  cyanogen  chloride,  benzoyl  chloride,  and 
similar  compounds.  All  these  substances  exhibit  strictly 
analogous  metamorphoses,  pointing  to  the  conclusion  that  if 
the  molecule  of  these  chlorides  consists  of  two  parts,  the  same 
must  also  hold  good  in  the  case  of  chlorine  itself. 

Oerhardt,  on  the  other  hand,  startii^  from  Avogadro's  law, 
was  led  to  a  clear  comprebensioa  of  the  idea  of  an  atom  as 
being  the  smallest  portion  of  an  element  which  is  contained 
in  the  molecule  of  any  one  of  its  compounds. 

The  labours  of  these  two  great  investigators  met,  however, 
with  but  slight  consideration  daring  their  lifetime.  Xiaurent  died 
early,  and  eveu  Gerhardt  only  lived  long  enough  to  enjoy  the 
partial  recognition  of  their  views  which  soon  afterwards  became 
generaL  When  Oerhardt  first  proposed  the  doubling  of  the 
atomic  weights,  or  rather  of  the  equivalent  weights,  then  in 
nse,  toi  oxygen,  sulphur,  and  carbon,  Berzelius  did  not  think 
the  proposal  worthy  even  of  mention  in  his  Jahresbericbt, 

For  tiie  purpose  of  obtaining  a  sound  experimental  basis  for 
their  theoretical  views  Laurent  and  Oerhardt  published  many 
valuable  experimental  investigations.  Little  consideration 
waa^  however,  paid   to  these  results  when  they  were  oonect. 
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and  when  (eu  was  sometimes  the  case)  tbey  were  incorrect, 
they  were  criticised  with  no  sparing  hand.  Whilst  recog- 
uiaing  their  ^eat  power  of  arranging  facts  from  a  general 
point  of  view,  we  must  admit  that  they  froquently  made 
assertions  which  rested  more  on  a  theoretical  than  an  experi- 
mental hasis,  and  hence  their  views  were  frequently  criticised, 
especially  hy  Liehig '  as  unscientific.  Uninfluenced,  however, 
by  these  attempts  to  discredit  their  work,  and  fully  convinced 
of  the  truth  of  their  ideas,  they  returned  Liebig's  sarcasm 
with  interest 

33  In  looking  back  on  these  discussions  we  seem  to  enter  a 
hygoue  t^e.  Berselius  endeavoured  to  throw  ridicule  on  the  exist- 
ence of  oxygenated  radicals  by  saying  that  sulphur  dioxide  may 
SB  truly  be  considered  as  the  radical  of  sulphuric  acid.  At  the 
present  day  we  actually  adopt  this  view,  considering  this  acid  as 
a  compound  of  suEphur  dioxide  (sulphuiyl)  with  the  semi- 
molecule  ofhydrogenperoxide(hydroxyl),  for  both  of  these  groups 
of  atoms  fulfil  the  conditions  which  Xiebig  defined  as  chaiac~ 
teristic  of  a  compouod  radical 

The  employment  of  empirical,  or  unitary  formulee  as  they 
were  called,  in  opposition  to  dualistic,  was  a  step  in  the  right 
direction;  for  every  compound  consisting  of  more  than  two 
elements  is  now  considered  as  a  chemical  whole,  and  oot  as  made 
up  of  several  constituents.  The  unitary  system  also  clearly  points 
out  the  general  analogies  of  similar  substances,  and  enables 
the  &ct3  to  be  brought  into  direct  comparison,  instead  of  viewing 
the  constitution  by  the  deceitfiil  mirror  of  inherited  hypotheses.^ 

Certain  groups  of  substances  can  thus  be  considered  from 
the  same  point  of  view,  and  their  composition  indicated  by 
general  formulse  such  as  CmHuOc,  the  adoption  of  which  led 
to  the  taunt  that  Laurent  and  Qerhardt  were  creating  a  sort 
of  chemical  algebra.  The  use  of  such  formuhe,  however, 
soon  proved  that  the  mutual  relations  of  various  compounds 
could  not  be  thus  so  clearly  exhibited  as  by  the  formulae  of 
the  radical  theory.  Accordingly  Laurent  and  Gerhardt  made  use 
of  the  so-called  synoptical  formulse,  in  which  the  group  of  atoms 
remaining  behind  in  a  number  of  chemical  metamorphoses  was 
written  in  a  separate  position  from  the  other  constituents,  or 
sometimes  marked  by  a  separate  sign,  the  method  of  represen- 
tation at  one  time  falling  into  the  radical  and  at  another  time 
into  the  nucleus  theory. 

34  Important  progress   was  next  made  by  the  amalgama- 
>  Jm*.  Chtnt.  Fharm.  Ivu.  S3,  3SS,  wd  iTiii.  227.         *  Eeknlc,  ZcAri.  I.  84. 
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tion  of  the  two  theories  of  types  and  radicals.  Damas  had 
already  pointed  out  that  hydiogea  can  not  only  be  replaced 
by  elements  such  as  chlorine,  but  also  by  certain  groups 
of  atoms,  such  as  NO,;  and  that  these  may  be  desig- 
nated as  compound  radicals.  Qerhardt  roTived  this  view  in 
1839,  hut  not  exactly  in  the  sense  of  the  radical  theory,  ac- 
cording to  which  theory  the  radicals  are  closed  groups  of  atoms 
and  form  the  proximate  constituents  of  compounds.  Here, 
however,  it  must  be  noticed  that  Liebig  >  had  already  pointed 
out  that  a  radical  is  not  to  be  considered  as  an  unalterable 
quantity,  and  that  it  was  not  necessary  that  the  existence  of 
the  radical  must  precede  the  formation  of  an  organic  compound. 

Qerhardt  did  not  assume  that  a  subetitution  must  occur  when 
an  element  is  replaced  by  a  compound  body,  but  rather  that  a 
combination  of  the  two  residaes  takes  place  to  form  a  chemical 
unit,  and  not  a  copulated  compound.  The  group  of  atoms  which 
can  be  assumed  to  be  a  radical  was  termed  "le  rest"  or^le 
reataut."  Then  came  his  "th^orie  des  residus"  according  to 
which  such  a  residue  possesses  indeed  the  composition  of  a 
compound  radical,  but  is  not  cootfuned  as  such  in  the  com- 
pound. Thus,  for  instance,  the  radical  theory  considers  ethyl 
nitrate  as  nitrate  of  etbyl  oxide,  and  the  formula  is  written,  with 
equivalent  weights,  G^Hfi.NO^',  this  ether  is  obtained  by  the 
action  of  nitric  acid  on  alcohol : 

C,H,0  +  HNO,  =  C,H^NO,  +  H^O. 

According  to  Qerhardt  the  reaction  which  here  takes  place  ia 
that  the  one  compound  gives  up  an  atom  of  hydrogen,  and  the 
other  the  group  or  residue  OH,  and  that  these  nnite  together 
to  form  water,  whilst  the  two  other  residues  form  the  chemical 
unit,  ethyl  nitrate. 

Gerhardt's  theory  of  residues  soon  replaced  the  radicals  of 
the  old  theory,  and  their  assumption  in  the  new  theory  of 
types  brought  about  the  union  of  the  two  theories.  This  was 
more  especially  effected  by  the  discovery  of  the  compound 
ammonias  made  by  Wurtz*  in  1849.  Liebig'  had  foreseen 
Uie  possible  existence  of  such  compounds,  inasmuch  as  he  {ve- 
dicted  that  by  uniting  the  alcohol  radical  with  amidegen.  If  Hj, 
compounds  would  be  obtained  possessing  the  characteristic 
properties  of  ammonias.     Wurtz  eUso  assumed  a  corresponding 

)  Aim,  Pharm,  ziv.  IM ;  zriii.  S23. 

*  Comptet  Saidvt,   Aont   IS,  ISiS ;  FhU.  Mag.  [3]  xzzv.  8*. 
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coDBtitatioQ  of  these  compoiuidB,  and  be  wrote  the  Ibnniila 
ethylaiaine  (ethyltaque)  C,HB.NHy  Still,  this  ma;  be  also 
con^dered,  accoiding  to  Berzeliua's  views,  as  a  copulated  am- 
monia,  C|H^  +  NHy  Indeed  Eo&nann,^  in  his  investagationB 
on  aniline,  originally  adopted  this  view,  although  he  aoon  dis- 
covered facta  which  rendered  it  untenable.  He  showed  that 
*  ethylamine  is  a  subatitated  ammonia,  (C^JH^T^',  inaimuch  as 
the  second  and  third  atom  of  hydrogen  can  also  be  replaoed  by 
the  alcohol  radical,  and  the  componnda  thna  obtained  still 
retain  their  obaracters  as  ammonia«. 

35  The  diacoveiy  of  the  compound  ammoniaa  may  certainly 
be  r^arded  as  the  foondatioa  of  our  present  theory.  From 
this  time  forward  toganic  compounds  have  been  arranged  on 
the  tjfpet  of  certain  simple  inorganic  bodies.  Thus,  for  inataoce, 
it  was  assumed  tfaat  in  ammonia  the  hydrogen  could  be  not 
only  replaced  atom  for  atom  by  metals  (Laurent),  but  also  by 
compound  radicals. 

In  1850  Williamson'  showed,  in  an  analogona  way,  that 
the  ^cohols  and  ethers  may  be  considered  to  be  built  up  on  ihe 
type  of  frater.  Wh^i  in  one  molecule  of  the  latter  one  atom  of 
hydrogen  is  replaced  by  an  alcohol  radical  an  alcohol  is  obtained. 
Sy  the  replacement  of  the  second  an  ether  is  formed.  This  view 
he  further  expanded,  inasmuch  as  he  represented  acetic  acid  as 
water  in  which  an  atom  of  hydrogen  was  replaced  by  the  group 
CgHgO,  for  which  he  proposed  the  name  of  oxygen-ethyl,  or 
othyl,  in  order  to  distinguish  it  from  the  word  acetyl,  already 
given  by  Berzeliua  to  a  radical  containing  no  oxygen.  At  the 
same  time  he  pointed  out  that  by  the  replacement  of  the  second 
atom  of  hydrogen  by  an  oxygenated  radical,  compounds  must  be 
obbuned  which  stand  in  the  same  relation  to  the  fatty  acids  as 
ether  does  to  alcohol  These  bodies,  the  anhydrous  acids,  or 
uihydridee,  were  soon  afterwards  discovered  by  Gerhardt* 

For  many  yean  after  this,  chemists  were  accustomed  to  class 
organic  compounds  on  the  type  of  mmple  inorganic  substances 
and  thus  arose  Qerhardt's  well-known  theory  of  types,  accord- 
ing to  which  the  organio  compounds  of  asc^tained  constitntion 
may  all  be  classed  under  four  types :  (1)  that  of  hydn^en ; 
(2)  tJiat  of  hydrochloric  acid  ;  (3)  that  of  water,  and  (4)  that  of 
ammonia.     Accordingly,  we  have  the  following: 

'  Quart.  JoUT%.  Ghent.  Soc  I  2SS,  it  S34. 

*  Briiisk  AsndatvM  Btvorti,  1350,  put  u.  p,  65 ;  Chart.  Sae.  Jomm.  (1SS2), 
iT.  239. 
■  Quari.  Jmin.  Chtm.  Ac  T.  137  ;  .^nit.  Ckim.  ^v$.  [3J,  uxrii.  IS6.' 
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The  orgftnic  bromides  and  iodides  are  of  course  classed  in  the 
second  division,  whilst  many  sulphur  compounds  are  found  in 
the  third,  and  bodies  containing  phosphorus  and  arsenic  are 
arranged  in  the  fourth  class.  This  system  was  further  de- 
veloped by  the  cUssification  of  many  inorganic  bodies,  such  &■ 
the  ozyacids  which  are  ranged  under  the  type  of  water. 

36  A  further  advance  in  the  theory  of  types  was  made  by  its 
application  to  the  classification  of  polybasic  acids,  such  as  sul- 
phuric acid.  In  the  memoir  already  referred  to,  Wtlltomson  bad 
placed  this  acid  under  the  double  water  type,  inasmuch,  as  he 
assumed,  that  it  might  be  considered  as  two  molecules  of  water 
joined  together  by  the  replacement  of  two  atoms  of  hydrogen  by 
a  group  of  atoms,  whilst  ^  monobasic  acid  belongs  to  the  type 
of  one  molecule  of  water.  In  a  similar  way  the  other  dibasic 
acids  and  their  salts  may  be  arranged : 

Typti.  Ac«tia  Acid.  Nitric  Acid. 

5lo  C,HX)o  NO. 


Typ<L  Solphurie  Add.  Saocinla  Add. 


°rf}o 

KiQla  Add 

glo  2}o  ^\o 

5i  SO,}  C.H.O  J 

5}o  nfo  h}o 

"VnUiamson^  then  showed  in  1854  that  chloroform  may  be 
considered  as  the  trichloride  of  the  radical  CH.  When  it  is 
heated  with  sodium  ethylate,  C,H,.ONa,  it  yields  tribosio  formic 
ether,  CH(OC^Jj,  and  this  belongs  to  the  type  of  three  mole- 
cules of  water  exactly  as  chloroform  is  classed  under  the  type  of 
three  molecules  of  hydrochloric  acid  : 

.     Ttp*.  Chloroform,  Tjpa.  Tribwic  Ibnnia  ether. 

3HC1  CH.Cl,         3H,0  9^.  lo. 

This  view  of  the  constitution  of  chemical  compounds  was 
farther  developed  by  Odling,*  and  applied  by  him  to  a  large 
number  of  orgaauc  as  well  as  inorganic  compounds.  They  were 
then  adopted  byGerhardt  in  lS56,and  published  in  his  Treatise 
on  Oi^[anic  Chemistry.* 

37  As  the  possibility  of  the  repUcement  of  several  hydrt^n 
atoms  by  a  radical  was  %st  observed  in  the  case  of  polybasic 
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adds,  the  radicals  themselTes  were  termed  in  the  first  case 
polybasic,  and  this  expression  was  afterwards  changed  to  poly- 
atonae  radioaU.  This  latter  term  is,  however,  not  wholly  free 
irom  objection,  and  at  present  the  proposal  of  Eilenmeyer  to 
employ  the  word  polyvalent  is  generally  adopted.' 

The  theory  of  polyvalent  radictJs  soon  received  valnaUe  sup- 
port from  Berthelot's  investigation  of  glycerin  and  iu  deriva- 
tives, the  constitution  of  these,  compounds  being  first  clearly 
pointed  out  by  Wuirtz.  Indeed  this  chemist  must  be  considered 
to  be  one  of  the  originators  of  the  new  theory  of  types,  not 
only  on  account  of  the  above-mentioned  views,  but  especially 
by  his  valuable  discoveries  of  the  glycols  or  divalent  alcohols. 

According  to  this  theory,  as  we  have  seen,  the  radicals  are  not 
to  bo  considered  as  closed  groups  of  atoms,  or  even  as  bodies 
capable  of  isolation,  but  rather  as  the  residues  of  molecules 
which  remain  unaltered  throughout  a  certain  number  of  reac- 
tions. Qerhardt  lirst  pointed  out  that  most  chemical  decom- 
positions may  be  regarded  aa  double  substitutions,  and  he  added 
that  if  the  substances  which  exchange  their  positions  in  such 
a  reaction  are  compound  bodies  instead  of  being  elementary 
ones,  they  are  then  termed  radicals. 

38  These  tyjdcal  fonunlffi  were  not  intended  to  indicate  the 
anangement  of  the  atoms ;  they  were  in  no  sense  constitutional 
fbrmnlffi,  but  were  formula  of  decompoution  used  by  common 
consent,  and  expressing  a  certain  number  of  reactions.  One 
of  these  compounds  may,  therefore,  be  represented  on  various 
types. 

Thus,  for  instance,  methyl  ether,  C^H^O,  was  usually  supposed 
to  belong  to  the  water  type,  but  it  may  also  belong  to  the  fourth 
type  of  marsh  gas,  which  Kekul^  added  to  Oerhardt's  three 
original  types.  Under  this  latter  assumption  it  would  con^t 
of  two  molecules  of  marsh  gas  held  t<^ther  by  one  atom  of 
dyad  oxygen : 

Tjpa. 
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By  replacing  the  hydrogea  in  ammonia  by  methyl,  methyl- 
omine,  Cn,N,  iB  produced ;  this  may  be  regarded  as  a  Bubeti- 
tuted  atmaoiua,  but  it  may  also  be  looked  upon  as  marah  gu  in 
which  hydrc^en  has  been  repUced  by  the  monad  group,  NH, ; 
and  lastly,  it  may  be  represented  aa  having  been  farmed  by  the 
union  of  two  monad  residaeB,  and  benca  may  be  classed  in  the 
type  of  hydrogen ;  thus : 


n-|h 


(nh, 


Olefiant  gas  combines  mth  bromine  to  fonn  ethylene  di- 
bromide,  Gfi^Xf,  In  this  tbe  bromine  can  be  repUced  by 
bydroxyl  when  ethylene  alcohol  (ethyl  glycol)  is  formed.  These 
two  CQmpounda  mi^  bs  typically  regptided  aa  follows ; 


Ethylene  dibromide    ^^/\  ^»^*{Er 

--'  .  fOH 


Ethylene  alcohol        ^^* }  0,  C^,  -f  95 


By  the  action  of  hydrochloric  acid  on  the  latter  body  the 
bydroxyl  is  first  replaced  by  chlorine  when  ethylene  cUoi^ 
hydrate  ia  formed,  a^  this,  on  oxidation,  yields  monochloracetic 
acid. 

39  Hence  ethylene  cblorhydrate  may  be  considered  as  a 
chlorinated  ethyl  alcohol.  It  may,  therefore,  be  regarded  on  the 
mixed  types  of  water  and  hydrochloric  acid,  the  two  molecules 
being  united  by  the  replacement  of  one  atom  of  hydrogen  in 
each  by  the  dyad  radical  C^^  (formula  No.  1).  Or  we  may 
consider  it  to  be  a  compound  of  ethylene  with  chlorine  and 
bydroxyl ;  or  again  it  may  be  represented  on  the  type  of  water 
(formula  Na  2),  or  on  the  mixed  type  of  hydrochloric  acid  and 
water  (formula  No.  3). 

a.)  (2.)  (8.) 

When  chloracetic  acid,  also  obtained  by  the  action  of  chlorine 
on  acetic   add,  ia   treated   wiUk  ammonia,  amidacettc  acid, 
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CjH,NH,0^  is  formed.  This,  like  the  compoundB  from  which 
it  is  produced,  is  monobaaic.  It  presents,  however,  certain 
analogies  with  the  compound  ammonias  just  as  chloracetic  acid 
exhibits  properties  analogous  to  those  of  ethyl  chloride,  and 
hence  the  formula  of  these  compounds  may  he  written  in 
different  ways : 

(1}  (2)  (8)  W  (5) 

--i^«"  W!NH.C.H,NH.,0|,  CH^O.|  ^Ij^  O.H.0^1^ 

The  first  ot  these  foimuUe  point  oat  that  thesa  oomponnds 
contain  the  dyad  radical  C^O^  The  second  and  third 
formulffi  show  that  we  have  to  do  with  substitutioa-prodacts 
of  acetic  acid.  These  may  be  regarded  as  compounds  of  a 
monad  radical,  inasmuch  as  amidacetic  acid  is  formed  from 
chloracetic  acid,  one  atom  of  chlorine  being  replaced  by  the 
monad-unido  group.  The  fourth  series  of  fbrmuhe  consteucted 
on  the  mixed  type  of  water  and  hydrochloric  acid,  indicate  the 
water-ammonia  type;  whilst  in  the  fifth  case  amidacetic  acid 
is  represented  as  a  compound  ammonia.  Which  of  these  for- 
malise is  to  be  prefeired  depends  upon  which  of  the  relations  of 
the  compounds  it  is  especially  desired  to  lay  weight.  It  is  usual 
to  choose  those  by  which  the  more  important  reactions  are  most 
clearly  represented. 

30  In  1838  Gerhardt  pointed  out  that  by  the  action  of 
sulphuric  acid  on  various  compounds  bodies  are  formed  in 
which  the  chaiacteristic  properties  of  the  constituents  are  not 
reproduced.  In  order  to  distinguish  combinations  of  this  kind 
from  ordinary  compounds,  he  termed  them  coptUaled  compawnda. 
The  original  views  thus  propounded  by  him  were  afterwards 
considerably  enlarged  and  modified  by  Berzelius,  who,  although 
he  at  first  ridiculed  Qerhardt's  idea  of  copulated  compounds, 
afterwards,  as  we  have  seen,  adopted  the  name.  With  the 
notion  of  these  copulated  compounds  that  of  copulated  radicals 
is  intimately  connected. 

According  to  this  view  many  radicals  are  supposed  to  be 
made  up  of  ssveial.  simpler  radicals.     Thtis,  for  instance,  many 
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moDobasic  acids  which  belong  to  the  type  of  water  may  be 
written,  Jirst  of  all,  accordiog  to  the  water  type : 


Tjpe.  Fonnfo  Acid.  AotiD  Aciil  Proploiiie  Aai. 


^}0        CH0[0        °'%}0        °-%}0 


But  these  compounds  are  frequently  found  to  decompose  in 
such  a  way  that  the  group  carbonyl,  CO,  is  liberated  as  COj, 
together,  in  the  esse  of  formic  acid,  with  hydrogen,  and,  in  the 
case  of  the  others,  with  an  alcohol  radical  The  radicals  of  these 
acids  may,  therefore,  be  looked  upon  as  containing  carbonyl,  and 
either  hydrogen  or  an  alcohol  radical  This  is  rejoesented  in 
the  following  formube : 


Formic  AciiL  Aoetie  Acid.  Prapionk  Add. 

acojo        CHjCoj^Q        cftcoj 


l]0  CH,°°}0  CA.CO|o 


The  employment  of  the  intermediate  types  led  to  the  re- 
presentatioQ  of  these  acids  together  with  other  compounds,  as 
containing  copulated  radicals  thus : 

lVp«.  Fonnic  Add.        Aeetio  Acid.        FTopionic  Add. 

hT  Hi  CH,1  C.Ha 


>  /  CO  I 


;} 


5<  coi  coJ  coJ 

S}o         h}o         h}o         h}o 

The  followers  of  Berzelins,  especially  Frankland  and  Kolbe,* 
considered  these  acids  as  conjugate  compounds,  but  as  these 
chemists  did  nut  recognise  any  oxygenated  radicals,  they  looked 
upon  acetic  acid  as  the  hydrate  of  a  compound  of  oxygen 
with  acetyl  containing  methyl  and  carbon,  and  they  expressed 
the  constitution  of  acetic  acid  by  the  formula  SO,  {C^^CpO^ 
without  admitting  the  new  atomic  weights.* 

The  development  of  the  theory  of  types  played  an  important 
part  in  the  history  of  the  science.  Instead  of  supporting  the 
view  of  the  unalterability  of  the  radicals,  it  led  to  the  notion 
that  the  re^due  consiats  of  groups  of  atoms  which,  in  a  certain 
series  of  metamorphoses,  remain  unaltered,  whilst  under  other 
circumstances  tbey  may  nndeigo  change.     It  also  threw  a  new 

I  ChtM.  Soe.  JViwi.  iii.  B90. 

*  The  readsr  will  find  >  full  acooiuit  of  the  new  theonr  of  trpu  m  well  ■■  of 
copolated  ndieali  in  Eekii]£'s  Lehrbueh  der  eryaniiclun  Chemit,  and  in  hU 
memoir  "on  the  lo-called  copulated  compound!  and  the  theoiy  of  iiolyatoinio 
nwiicala."— Am*.  CTm.  Piarm,  a7.  128. 


;abyG00<^lc 


DEFINITIONS  OF  GBSANIO  CHEMISTRY.  81 

light  upon  facts  in  other  directions,  explaining  certain  analc^es 
and  differences,  and  thus  rendering  possible  a  general  view 
respecting  the  behaviour  of  the  atoms  in  compounds.' 

31  Before  however  we  can  enter  into  this  question  we  must 
refer  to  another  point  and  once  more  look  back  to  the  time 
when  WilliameoQ  af^Iied  the  theory  of  types  to  inorganic  com- 
poouda,  and  showed  that  the  existence  <k  compound  radicala 
mtist  be  assumed  in  these  just  as  much  as  in  organic  substancea. 

Even  before  this  time  many  salte,  such  as  those  of  ammonium 
and  those  of  uranyl,  had  been  considered  to  contain  compound 
radicals,  but  the  number  bad  then  so  largely  increased  that 
organic  chemistry  could  not  he  correctly  defined  to  be  the 
chemistry  of  compound  radicals. 

All  the  oiganic  compounds  formed  in  nature  contain  carbon 
and  hydrc^n.  Most  contain  oxygen  as  well,  and  many  nitrogen. 
According  to  the  older  views  it  was,  however,  supposed  that 
the  hydrogen  was,  in  many  compounds,  as,  for  instance,  in  oxalic 
acid,  combined  with  oxygen  to  form  water.  Thus  carbon  was 
in  some  cases  found  to  be  the  only  remaining  constituent,  and 
this  &ct  was  pointed  out  by  Qerhardt,  in  1846. 

Hence,  organic  chemistry  was  defined  as  the  chemistry  of 
the  carbon  compounds,  as  well  as  that  of  the  radicals  con- 
toning  carbon.  According  to  this  definition,  however,  many 
compounds  of  this  element  must  be  considered  to  belong  to 
organic  chemistry  although  they  are  not  formed  from  the  bodies 
of  vegetables  or  animals  and  occur  in  the  mineral  kingdom. 
Such  bodies  are  carbon  dioxide  and  marsh  gas.  This  diffi- 
culty of  classification  has  been  avoided  in  various  ways.  Thus, 
Gmelin*  in  his  Handbook  says :  "Carbon  is  the  only  element 
which  is  essential  to  organic  compounds ;  every  one  of  the 
other  elements  may  be  al^ent  from  particular  compounds,  but 
uo  compound  which  in  all  its  relations  deserves  the  name  of 
otganic  is  destitute  of  carbon.  ...  If  we  were  to  regard  as 
organic,  those  carbon  compounds  which  have  hitherto  been 
classed  amongst  inoi^anic  substances,  namely  carbonic  oxide, 
carbonic  acid,  sulphide  of  carbon,  pho^;ene,  cast-iron,  &c.,  we 
might  define  oi^anic  compounds  simjdy  as  the  compounds  of 
cwrbfrn.  But  organic  compounds  are  still  further  distinguished 
by  containing  more  than  one  atom  of  carbon,  .  .  ,  Stnct 
Git   term   organic  compounds   includes  all  primary  compounda 
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eontaining  more  than  on*  atom  of  carlxm.  By  primary  com- 
pouods  we  mean  such  as  are  not,  like  bi-carbonate  of  potash, 
made  np  o£  other  compounds." 

In  order  to  undeistand  this  deBnition  it  mast  be  remem- 
bered, that  in  those  days,  the  atomio  veight  of  carbon  was 
supposed  to  be  only  half  as  great  as  that  which  is  at  present 
Bssignad  to  it,  and  this  remark  applies  also  to  oj^gen,  sulphur, 
aad  seveial  other  elements.  Thus  the  following  formulee  were 
then  employed:  carbonic  oxide,  CO}  carbonic  acid,  00^; 
phosgene .  gas,  COCl ;  and  carbon  disnlphide,  CS^ ;  whilst  to 
the  oEganic  compounds  of  meat  simple  constitution,  the  follow- 
ing fbrmulse  were  assigned:  methyl  alcohol,  C^fi^;  formic 
acid,  Cjfl"jt>^;  hydrocyanic  acid,  G^BN;  chloroform,  C^HCl^ 

As  soon,  howevOT,  as  it  ^>peared  that  the  atomic  weights  of 
the  abore  elements  must  be  doubled,  and  that  the  molecule 
of  carbon  dioxide  or  carbon  disulphide  contained  exactly  the 
same  number  of  atoms  of  carbon  as  one  molecule  of  methyl 
alcohol  or  of  formic  acid,  either  Qmelin's  definition  could  no 
longer  hold  good,  or  tiie  latter  compounds  must  be  considered 
to  belong  to  inoi^anic  chemistry,  or,  in  the  third  place,  tiie  oxides 
and  the  sulphide  of  carbon  must  be  considered  to  be  organic 
compounds. 

On  this  question  Kekul^  remarks :  "  We  most  come  to 
the  conclusion  that  the  chemical  compounds  of  the  vegetable 
and  animal  kii^om  contain  the  same  elements  as  those  of 
inanimate  nature.  We  know  that  in  both  cases  the  same  laws 
of  combination  hold  good,  and  hence  that  no  differences  exist 
between  organic  and  inorganic  compounds  either  in  their  com- 
ponent materials,  in  the  forces  which  hold  these  materials 
together,  or  in  the  number  and  the  mode  of  groujong  of  their 
atoms.  We  notice  continuous  series  of  chemical  compounds 
whose  single  members,  especially  when  only  those  which  lie 
close  together,  are  compared,  exhibit  strong  analogy,  and  be- 
tween which  no  natural  division  is  perceptible.  If,  however, 
for  the  sake  of  perspicuity  a  line  of  demarcation  is  to  be 
drawn,  we  must  remember  that  this  boundary  is  an  empirical 
rather  than  a  natural  one,  and  may  be  traced  at  any  point 
whicb  seems .  most  desirable.  If  ve  wish  to  express  by 
organic  chemistry .  that  which  is  usually  considered  under 
.the  name,  we  shall  do  best  to  include  all  carbon  com- 
pounds. We,  therefore,  define  organic  chemistry  as  the  che- 
misti7  of  the  carbon  compounds,  and  we  do  not  set  np  any 
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C|ipoaitioi>  between  inoiganic  and  organic  bodies.  That  to 
which  the  old  name  of  oiganic  chemistry  has  been  given,  and 
whu^  we  express  by  the  more  distinctive  term  of  the  chemistry 
of  the  carbon  compounds,  is  merely  a  special  portion  of  pure 
chemistry,  considered  apart  from  the  other  portion  only  because 
the  large  number  and  the  peculiar  importance  of  the  carbon 
compounds  renders  their  special  consideration  neoeesary."  ^ 

Other  chemists  have  erpressed  themselves  in  a  similiv  way. 
Thus  Sutlerow  states  that  a  division  of  the  kind  is  needed  both 
in  the  interest  of  the  student  as  wall  as  in  that  of  the  scientifio 
investigator.  The  carb(Hi  compounds  exhibit  certain  peculiari- 
ties in  consequence  of  which  their  investigation  demands  special 
methods,  which  are  not  necessary  in  the  case  of  the  other  ele- 
ments.* Another  reason  for  treating  the  carbon  compounds 
sepamtely  ia  the  enormous  mass  of  material  which  {vesenta 
itself  for  investigation,  so  that  aJtiiiough  soch  a  division  ia  axt 
artificiai  one,  it  ia  one  which  is  extremely  useful.* 

33  The  diatinctim  between  these  classes  of  carbon  eompounds 
is,  however,  one  which  up  to  the  present  time  has  never  been 
carried  out  in  every  detail  Thus,  no  chemist  has  ever  thought 
it  advisable  to  omit  such  substances  as  the  oxides  and  the  sul- 
phide of  carbon  from  the  inoiganic  portion  of  his  work,  or 
to  class  Bubatauces  like  carbonate  of  lime,  or  spathic  iron-ore, 
or  even  cast-iron,  under  tiie  head  of  otganio  compounds.  Hence 
we  find  a  description  of  the  oxides  of  carbon,  of  carbon  dieul- 
phide,  and  of  their  various  derivatives,  genvally  placed  in 
the  divisions  both  of  inorganic  and  of  o^anic  chsmistiy.  In 
the  same  way  the  cyanogen  compounds  are  fr«quenUy  de- 
'  scribed  both  in  inorguuc  and  in  organic  treatises.  The  ex- 
planation hedng,  that  these  bodies  contain  only  one  atom  of 
carbon,  and  that  they  are  in  many  respects  analogous  to 
the  compounds  of  tiie  elementary  bodies,  Wood-SfHrit  and 
formic  acid,  on  the  other  hand,  which  also  only  contain  one 
atom  of  carbon  in  the  molecule,  are  never  considered  as  inor- 
ganic compounds,  for  they  are  closely  connected  with  alcohol, 
acetic  acid,  and  other  bodies  containing  a  laiger  number  of 
carbon  atoms,  wltose  peculiar  properties  oi^ally  led  to  the 
distinction  between  the  two  great  branches  of  pure  chemistiy. 

33  This  peculiiuity  depends  upon  the  fact  that  they  ue 

'  ZdtrtnuA  d.  org.  Chanit,  I.  11. 

'  Batkiow,  Z^Ari,  A,  trg.  £%ct)i.  5. 

■  Erienmeyer,  Uhrb.  i,  org.  ChttH.  p,  f. 
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carbon  compouDiJs,  for  carbon  possesses  properties  by  which 
it  is  distinguished  &om  all  other  elements.  In  the  Brst  place 
we  hare  to  remember  that  hydrogen  ib  found  in  all  oif^anio 
bodies  in  addition  to  carbon;  in  most  others  oxygen  occurs; 
and  in  many  nitrogen  is  also  contained.  Others  again  consist 
of  carbon,  hydrogen,  and  nitrogen  only. 

The  number  of  these  bodies  is  enormously  large.  Carbon  yields 
more  compounds  than  all  the  other  elements  taken  together. 
Moreover,  the  number  of  atoms  contained  in  the  molecule  may  be 
rery  considerable.  Thus,  for  instance,  oil  of  turpentine  consistB 
of  carbon  and  hydrogen,  and  contains  26  atoms ;  cane-sugar, 
which  in  addition  contains  oxygen,  contains  45 ;  and  stearin, 
aUo  an  oxygenated  body,  contains  173  atom& 

Kekul^'  who  first  pointed  out  that  carbon  is  a  tetrad  element, 
showed  at  the  same  time  that  the  existence  of  so  taige  a  number 
of  oarbon  componnds  may  be  expluned  by  the  fact  ttiat  the 
atoms  of  thia  element  have  the  power  of  combining  one  with 
another.  A  similar  view  was  also  put  forward  shortly  afterwards 
by  A.  S.  Oouper.* 

The  atoms  of  other  polyvalent  elements,  such  as  oxygen,  sul- 
phur, &C.,  are  indeed  found  to  combine  with  one  another,  but 
the  number  which  can  be  thus  connected  together  is  in  their 
case  a  very  limited  one.  With  carbon,  however,  such  a  limit 
to  the  power  of  combination  has  not  yet  been  reached,  A  large 
number  of  its  atoms  are  capable  of  uniting  to  form  a  chain 
which  in  many  reactions  behaves  as  if  it  were  a  chemical  unit. 

Still  more  clearly  however  is  carbon  distinguished  from  all 
the  other  elements  by  the  fact  that  in  such  a  chain  of  atoms 
all  the  Jree  coTnMning  units  can  be  taturated  hy  hydrogen.  Hence 
the  existence  of  a  large  number  of  hydrocarbons  becomes  pos- 
sible. These  are  all  volatile,  whilst  amongst  the  hydrc^en 
compounds  of  the  other  elements  only  those  of  the  chlorine, 
oxygen,  nitrogen,  boron,  and  mlicon  groups  are  volatile,  and  in 
the  case  of  each  of  these  (with  the  exception  of  phosphorus) 
only  one  hydride  b  known. 

The  hydrocarbons  are  however  not  only  the  simplest,  but  at 
the  same  time,  on  theoretical  grounds,  the  most  important, 
compounds  of  this  element,  especially  because  all  the  other 
compounds  may  be  derived  from  these  by  the  replacement 
of  bydrc^n  by  other  elements,     la  the  organic  compounds 


;abyGoO<^lc 


DEFINITION  OF  ORGANIC  CHEIHSTET  ADOPTED.  36 

occurring  in  nature  we  usually  find  a  portion  of  the  hydrogen 
replaced  by  oxygen  or  by  nitrogen,  or  by  both  of  these  elements. 
Some  few  are  found  to  contain  sulphur.  All  the  elements 
may  be  made  to  combine  with  carbon  compounds,  but  it  is  only 
in  a  few  instances  that  all  the  hydrogen  in  the  hydrocarbon 
can  be  replaced  by  another  element  This  explains  the  iaot 
which  has  already  been  mentioned,  that  by  far  the  larger  pro- 
portion of  carbon  compounds  contain  hydrogen,  or  a  residue  of 
the  hydrocarbon  &om  which  they  all  are  derived. 

34  Hence  we  may  define  that  portion  of  our  science  which 
is  usually  denoted  aa  organic  chemistry  as  being  the  chemiary 
of  tlu  hydroearbona  and  their  derivatives.  The  characteristic 
nature  oS  this  definition  is  seen  from  the  iact  that,  when  the 
general  chemical  constitution  of  a  carbon  compound  haa  been 
rightly  ascertained,  it  can  be  converted  into  the  correBponding 
hydrocarbon,  or,  inversely,  it  may  be  prepared  from  this  latter 
compound. 

In  employing  this  definition,  we  do  not  draw  any  distinctive 
line  between  organic  and  inorganic  chemistry,  for  the  simpler 
carbon  compounds  which  have  already  been  described  in  the 
inorganic  portion  of  this  work,  such  as  carbon  dioxide,  carbon 
oxychloride,  enlpbide  of  carbon,  hydrocyanic  acid,  isc.,  all  of 
which  contain  one  atom  of  carbon,  may  be  looked  upon  as  direct 
derivatives  of  a  hydrocarbon,  namely,  marsh  gas,  CH^.  From 
this  they  can  alt  be  prepared,  and  into  this  they  can  all  be 
converted.  When  this  gas  is  burnt  in  the  air,  water  and 
carbon  dioxide  are  formed,  the  monad  hydrogen  being  replaced 
by  dyad  oxygen.  Marsh  gas  can  also  be  directly  converted 
into  carbon  disnlphide,  and  when  the  vapour  of  the  latter 
body  is  passed  together  with  sulphuretted  hydrogen  over  red- 
hot  metallic  copper,  the  sulphur  is  substituted  by  hydrogen, 
and  the  hydrocarbon,  marsh  gas,  is  formed.  If  this  latter 
compound  be  treated  with  chlorine,  the  first  product  which  is 
obtidned  is  methyl  chloride,  CHgCl,  and  when  this  is  heated 
with  caustic  potash,  wood-spirit,  or  methyl  alcohol,  CH^O,  is 
obtained: 

CHjCl  +  KOH  -  CH,.OH  -|-  KCl. 

When  this  alcohol  is  oxidised,  formic  acid  is  produced,  two 
atoms  of  hydrogen  being  replaced  by  one  atom  of  oxygen.  By 
the  further  action  of  chlorine  on  methyl  chloride  the  successive 
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replacement  of  all  die  hydrogen  by  chlorine  takes  {dace,  the 
last  product  but  one  being  chloroform,  CHClj',  and  if  this  Bub- 
stance  be  heated  with  ammonia,  hydrocyanic  acid  is  obtained, 
three  atoms  of  chlorine  being  replaced  by  one  atom  fit  triad 
nitrogen : 

CHCIj  +  4  NH,  =  CHN  +  3  NH^Cl. 

As  all  the  cyanides  can  be  derived  from  hydrocyanic  add, 
they  may  be  ali  coneidered  as  derivatives  of  marsh  gas.  The 
carbonates  may  be  similatly  considered  to  be  derived  frran 
marsh  gas,  for  we  must  aaaume  in  the  aqueous  solutioD  of 
carbon  dioxide  the  existence  of  carbonic  acid,  CO(OH)^  ihai  is 
to  say,  marsh  gas,  in  which  one-half  of  the  hydrogen  has  been 
replaced  by  oxygen,  and  the  other  two  by  hydroxyL  Indeed 
the  various  varieties  of  cast-iron  may  even  be  r^;arded  as  deri- 
vatives of  hydrocarbons,  inasmuch  as  when  cast-iron  is  dissolved 
in  hydrochloric  or  sulphuric  acid  the  carbon  which  is  combined 
with  the  iron  gives  rise  to  hydrocarbons  in  which  the  hydrogen 
may  be  said  to  have  replaced  iron. 

35  Only  one  single  carbon  componnd  is  known  for  which  the 
corresponding  hydrocarbon  does  not  exist.  This  is  the  simplest 
of  all  carbon  compounds,  viz.  carbon  monoxide.  All  endeavours 
to  isolate  the  hydiocarboD  CH,  have  as  yet  proved  abortive, 
and  there  are  good  reasons  for  beheving  that  the  existence 
of  such  a  body  in  the  free  state  is  not  poanble.  No  other 
hydrocarbon  except  marsh  gas  is  known  which  contains  only 
one  atom  of  carbon.  On  the  other  hand,  we  are  acquainted 
with  three  which  contain  two  atoms  of  carbon : 

Ethane,  C^H^.     Ethylene,  C^E^,    Ethine,  C^ 

In  order  to  explain  the  constitntion  of  these  substances  it 
is  assumed  that  in  ethane  the  two  carbon  atoms  are  connected 
together  singly ;  in  ethylene  by  double  linking ;  whilst  in  ethine 
or  acetylene  the  three  combining  units  of  the  two  carbon  atoms 
'  are  supposed  to  be  linked  together. 

A  large  number  of  carbon  atoms  may  be  combined  together 
in  a  similar  way,  and  thus  the  above  hydrocarbons  form  the 
first  members  of  groups  of  which  each  is  distinguished  from 
the  preceding  by  an  increment  of  CH,.  The  composition  of 
these  may  be  expressed  by  the  following  general  formuhe : 
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StrfM. 

C.H„t.. 

C.H,. 

Methane 
Ethane 

OH, 

Ethylene 

0^. 

Propane 
Butane 

^^ 

Propylene 
Butylene 

cS 

Fentane 

C.H„ 

Pentylene 

C.H,. 

Hezane 

C.H„ 

Hexylene 

CgHj, 

&e 

&c 

EthiDe  C^ 
Fropine  CjH^ 
Butme  C^Hj 
Pentine  CjH, 
Hexine  C.H,. 
&c. 

Beaidea  these,  other  groups,  such  aa  CnHta-^  and  CnHu-t 
&0.,  are  known.  The  first  metnbeTS  of  these  naturally  contaiu 
XQore  than  two  atoms  of  carbcu. 

36  Other  carbon  compounds  can  be  derived  &om  these  Tsrioua 
aeries.  Thus,  for  instance,  just  as  by  the  action  of  chlorine  on 
manh  gas  methyl  chloride  is. obtained,  so  the  other  members  of 
the  marsh  gas  series  yield  chlorides  of  monad  radicals  having 
Uie  general  formula  CHm+iCl  in  which  chlorine  can  be  easily 
replaced  by  hydrozyl,  and  thus  a  series  of  hydroxides  are  ob- 
tained to  which  the  names  of  alcohols  have  been  given,  and 
to  which  the  general  formula  CoHm+iO  is  applicable. 

When  methyl  chloride  is  heated  with  ammonia,  a  strong  base 
is  obtained,  which  has  received  the  name  of  methylamine : 

CHgCl  +  NH,  =  CHjNH,  +  HCl. 
And  by  a  similar  reaction  with  the  other  chlorides  a  series  of 
such  bases  or  amines  is  obtained  having  the  general  formula 

Moreover,  as  methyl  alcohol  gives  rise  to  formic  acid  by 
oxidation,  so  these  other  alcohols  yield  a  series  of  acida 
having  the  general  formula  CaHsaO„  obtained  by  the  replace- 
ment of  two  atoms  of  hydrogen  in  the  alcohol  by  one  of  oxygen. 
Uany  of  these  acids  are  found  in  ^its  and  oils,  and  hence  they 
are  termed  the  fiitty  add  series,  or  the  adipic  series  of  acids. 
Thus  we  obtain  the  following  series  from  the  marsh  gas  hydro- 
carbons : 

FtttrAdd. 


chloride 
EthTl 

•Uoride 
FrotiTl 

cUorida 
BnM 

chloride 
Pentfl 


CUoifda. 
CH,a 

C«H,CI 

c,H„a 


CH^O 


HethTl  i 

■Icohol ) 
Ethyl      ; 

alcohol  ' 
Propyl    I 

■Icohol  I 
Ba^l 

alcohol 

'ia'.i!t'.H..o 


Methflamina  C  H,N 
Ethylunine  CtH,N 
Prapyluiiiie  (^H,K 
BotykminB  C4H|iN 
Peutjlammc  C^u^ 
He;^UimiM    CfHuN 


Fonnic  acid  C  H,0 
Acetioacid  C^fit 
Propiooioadd  C,H^i 
Batyrieadd  C«H,0, 
Peiit;licacidC,H„0, 
Hezylie  acid  C,HuO, 
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Id  addition  to  these,  a  large  Dumber  of  other  derivatives  of  the 
above  hydrocarboDs  is  also  known,  and  these  again  yield  other 
groups  which  can  all  be  arranged  in  corresponding  series.  All 
the  hydrocarbons  contain  an  even  number  of  atoms  of  carbon  ; 
this  being  owing  to  the  tetrad  nature  of  carbon.  For  the 
same  reason  it  also  follows  that  the  sum  of  the  aiome  of  monad 
and  triad  elements  which  are  contained  in  a  molecule  of  a  coition 
compound  tt  always  an  even  number. 

37  In  1842  Schiel '  remarked  that  the  alcohol  radicals  form 
a  very  simple  and  regularly  graduated  series  of  bodies,  of  which 
the  properties  aa  well  as  the  composition  exhibit  corresponding 
regular  gradations.  He  gave  the  following  description,  the  old 
equivalents  being  used : 

CTjfl;    =    R 

RE Methyl 

R^ EthyL 

R^ Glyceryl 

Rfi ? 

S^H Amyl. 

R^S Cetyl. 

R^^R CerotyL 

He  also  predicted  the  existence  of  other  series.  Shortly 
afterwards,  Dumas*  showed  that  the  &tty  acids  form  a  similar 
series,  and  that  in  these,  as  Schiel  had  pointed  out  in  the  case 
of  the  alcohols,  the  boiling-point  regularly  rises  with  the 
increment  C^E^ 

In  bis  Precis  de  Chimie  organigue,  published  in  1844,  Qer- 
hardt  collected  together  a  large  number  of  such  groups,  and  was 
the  first  to  give  to  these  the  name  of  homologous  aeries,  whilst  he 
classed  the  bodies  obtained  from  one  another  by  definite 
chemical  metamorphoses,  such,  for  instance,  as  ethyl  chloride, 
ethyl  alcohol,  acetic  acid,  &c,  as  heterologous  series. 

This  classilication  into  homologous  and  heterologous  series 
Qerhardt  compares  to  the  arrangement  of  a  pack  of  cards. 
The  cards  of  each  suit  being  placed  in  regular  order 
in  a  vertical  line,  those  of  equal  value  in  the  different 
suits  will  be  found  in  a  horizontal  row.  These  latter  corre- 
spond to  the  homologous  series,  whilst  the  lirst  represent 
>  Ann.  CAm.  P/iann.  zliiL  107.  *  Wd.  iIt.  SSO. 
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the  heterologous  series.  If  one  card  be  wanting,  its  place  is 
nevertLeless  indicated,  and,  although  absent,  we  know  its  exact 
character.  In  the  same  way  with  organic  compounds.  When 
the  series  is  not  complete,  the  composition  of  the  missing 
snbatance  can  not  only  be  predicted,  bat  even  its  more  im- 
portant properties  indicated.  Of  its  possible  existence  there 
can  be  no  doubt,  and  if  it  is  desired  to  complete  the  series,  this 
can  be  done  by  employing  suitable  reactions. 

If  we  compare  the  varions  membersof  one  such  series  of  homo- 
logous bodies  together,  thus,  for  example,  those  of  the  marsh  gas 
hydrocarbons,  CnHjB+j,  we  find,  in  the  first  place,  that  they  differ 
from  one  another  in  physiaU  properties.  The  lowest  members  are 
gases  at  the  ordinary  temperature  ;  the  members  next  following 
are  liquids  whose  boiling-points  increase  with  their  molecular 
weights,  whilst  the  highest  members  are  solid  bodies,  which  are 
volatilised  only  at  a  high  temperature.  The  same  holds  good 
with  the  other  series.  Their  lowest  members  are  either  gases 
or  volatile  liquids ;  the  highest,  on  the  other  hand,  are  solid 
bodies  either  only  volatilised  with  difficulty  or  undergoing 
decomposition  when  heated. 

We  next  observe  that  the  chemieaX  character  of  each  group 
depends  essentially  upon  the  mode  in  which  the  carbon 
atoms  are  connected  with  one  another,  as  well  as  with  the 
rest  of  the  elements  cont^ned  in  the  molecule.  For  this  reason 
the  corresponding  members  of  each  homologous  series  closely 
resemble  one  another  in  their  chemical  relationships.  One 
result  of  this  is  that  whilst  the  comparatively  limited  number  of 
compounds  which  the  other  elements  form  renders  it  possible  that 
the  nature  and  compoeitiou  of  the  compound  can  be  determined 
by  a  few  reactions,  this,  on  the  other  hand,  is  only  exception- 
ally possible  in  the  case  of  the  carbon  compounds.  In  most 
instances  it  is  necessary  for  this  purpose  not  only  to  prepare  the 
body  in  the  pure  state,  but  also  to  determine  its  physical  and 
chemical  characters,  and  then  to  pass  on  to  the  determination  of 
its  quantitative  composition.  Not  only  do  newly  discovered  bodies 
require  this  complete  treatment,  but  frequently  this  is  the  only 
mode  by  which  substances  which  have  long  been  known  can  be 
eatisfactorily  recognised.  Hence  we  shall  now  pass  on  to  describe 
the  methods  which  have  been  employed,  and  are  still  in  use,  for 
(be  tdtimate  analysis  of  the  carbon  compounds. 
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ULTIMATE  ORGANIC  ANALYSIS. 

DETERMINATION  OF  CARBON  AND  HYDROGEN. 

38  The  tirst  successful  onalysia  of  an  otgauic  compomid 
waa  carried  out  bj  Lavoisier,  and  the  principle  upon  which  he 
founded  hia  method  for  the  determination  of  carbon  and  hydro- 
gen is  the  same  as  that  which  is  employed  for  a  like  purpose  at 
the  present  day.     The  body  to  be  analysed  is  completely  burnt, 


Pia.  1. 

the  quantity  of  carbon  dioxide  and  water  thus  produced  being 
accurately  determined. 

Lavoisier's  Method.  The  apparatus  used  by  Lavoisier '  for  this 
purpose  is  shown  in  Fig.  1.     The  glass   bell-jar  A,  carefully 

>  Hen.  Acad.  1781  [pnblibhed  in  1T8I),  (ud  1^.  ITSl  (pubLihed  in  17ST). 
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calibrated  and  standing  over  mercury,  conbdns  common  air. 
Into  this  is  brought  a  weighed  lamp  fed  with  the  alcohol  or  oil 
to  be  analysed ;  on  the  wick  a  small  piece  of  phosphonia  is 
placed,  and  this  can  be  infiamed  by  contact  with  a  warm  bent 
wire  The  bell-jar  S  contains  a  measured  volume  of  oxygen 
standing  over  water.  By  lowering  this,  the  oxygen  can  be 
passed  over  into  the  vessel  a  for  the  purpose  of  completing 
the  combustion.  As  soon  as  this  is  effected,  the  carbon  dioxide 
farmed  by  the  combustion  is  absorbed  by  caustic  potash,  and 
from  the  volume  of  this  gas,  together  with  that  of  the  air 
which  remains  I:ehind  after  the  combustion,  and  from  the  volume 
of  unbumt  oxygen,  Lavoisier  calculated  the  composition  of  the 
alcohol  or  oil  which  had  undergone  combustion  in  the  lamp. 
In  this  way,  however,  he  arrived  at  altc^ther  erroneous 
results,  inasmuch  as  he  was  not  acquainted  with  the  exact  com- 
position of  either  carbon  dioxide  or  water,  and  the  numbers 
which  he  used  for  the  specific  gravities  of  the  various  gases 
employed  were  by  no  means  accurate.  Nevertheless,  if  hia 
results  be  recalculated  with  the  adoption  of  correct  constants,  it 
appears  that  his  analyses  were  at  least  aa  accurate  as  those  of 
many  cbemiats  who  in  the  following  years  occupied  themselves 
with  the  subject 

Lavoisier  even  then  observed  that  the  indirect  determina- 
tion of  water  by  the  subtraction  of  the  weight  of  carbon  dioxide 
from  the  sum  of  the  weights  of  the  burnt  substances  and  the 
oxygen  employed  for  the  combustion  might  with  advantage  be 
replaced  by  a  direct  determination  of  this  substance.  Later 
on,  indeed,  he  described  an  apparatus  for  the  burning  of  large 
quantities  of  oil,  in  which  both  the  water  and  carbon  dioxide 
formed  are  weighed.  This  method  has  a  special  interest,  as 
the  arrangement  of  the  apparatus  closely  resembles  that  in  use 
at  the  present  day.'  The  apparatus  used  is  shown  in  Fig.  2. 
The  combustion  takes  place  in  a,  and  the  oil  for  the  lamp  is 
introduced  at  a.  The  gas-holder  (?)  is  filled  with  oxygen,  and 
this  gas  passes  through  I,  and  is  dried  in  the  tube  p.  The 
products  of  combustion  pass  through  e  into  the  absorption- 
apparatus.  The  greater  portion  of  the  water  collects  in  the 
bottle  (/),  and  that  which  escapes  is  deposited  in  the  spiral  tube 
(h),  whilst  the  last  traces  are  taken  up  in  the  tube  k,  which 
contains  a  "  deliquescent  salt."  The  gases  then  pass  through  a 
system  of  bottles  (ff),  of  which  only  two  are  represented  in  the 
'  LaToLieT's£I«iMtl>  (Efrr's  translBtioD],  503. 
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figure,  althoagli  Lavoisier  employed  eight  or  nine.  These,  with 
the  exception  of  the  last,  contain  caustic  potash,  lime-water 
being  placed  in  the  last  one  In  order  that  the  complete  ab- 
sorption of  the   carbon  dioxide  may  be   recognised    by   the 


non-turbidity  of  the  lime-water.  The  first  experimenta  made 
with  this  apparatus  did  not  yield  very  satisfactory  results,  and 
his  endeavouis  to  improve  the  method  were  cut  short  by  his 
untimely  execution  in  May,  1794. 
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LaToisier  aUo  burnt  difficultly  combostible  substances  sucb  as 
sugar,  whose  composition  he  gives,'  and  although  he  does  not 
mention  the  method  hy  which  the  process  was  carried  out,  some 
hints  concerning  his  mode  of  experimentation  may  be  gathered 
from  the  journal  which  was  found  after  bis  deaUi.*  He  there 
states  that  be  mixed  1,000  grains  of  sugar  with  10,000  grains  of 
mercuric  oxide,  and  heated  these  in  a  retort,  absorbing  the  carbon 
dioxide  which  was  given  off,  in  a  flask  filled  with  potash.  From 
the  weight  of  this  gubstance,  as  well  as  from  the  quantity  of 
oxygen  contuned  in  the  mercuric  oxide,  he  believed  that  he  could 
ascertain  whether  the  oxygen  needed  for  the  combustion  of  the 
hydrogen  was  derived  from  the  sugar  or  from  the  mercuric 
oxide.  In  the  experiments  herein  detailed  he  had  unfortunately 
employed  too  small  a  quantity  of  the  latter  substance  to  ensure 
complete  combustion,  and  hence  his  results  are  incorrect.  He 
also  analysed  other  bodies  by  this  plan,  and  even  experimented 
on  a  method  for  heating  a  mixture  of  carbon  and  potassium 
chlorate  for  the  purpwe  of  ascertaining  and  controlling  the 
composition  of  this  salt  and  that  of  carbon  dioxide. 

39  Methods  of  Savsmre,  ThAuird,  and  SerthotUi,  It  was  not  till 
the  year  1806  that  any  ^rther  attempts  were  made  to  determine 
the  composition  of  organic  compounds  by  ultimate  analysis.  The 
principle  of  the  methods  employed  by  Th,  v.  Saussure,  Th^nard, 
and  Berthollet,  consisted  either  in  mixing  the  substance  in  the 
form  of  vapour  with  oxygeo,  and  detonating  the  gaseous  mixture, 
or  in  decomposing  the  body  to  be  analysed  at  a  red-beat,  thus 
converting  it  into  carbon  and  permanent  gases,  the  aimposition 
of  the  latter  being  ascertained  by  gasometric  analysis.  By  this 
method  Berthollet  in  1810  obtained  fJEiirly  correct  results  in  bis 
analysis  of  sugar  and  of  oxalic  acid. 

40  Oay-Lussac  and  TTUnard's  Method.  About  the  same  time, 
Gay-Lussflc  and  Tbinard '  carried  out  Lavoisier's  idea  of  heating 
the  organic  compound  whose  composition  had  to  be  ascertained 
with  a  sabatance  which  readily  gives  off  oxygen,  oxidising  the 
carbon  to  carlK>n  dioxide,  and  the  hydrogen  to  water.  For  this 
purpose  they  chose  potassium  chlorate,  of  which  a  weighed 
quantity  was  mixed  with  an  exactly  known  weight  of  the 
organic  substance.  The  mixture  was  then  moistened  with 
water,   and  formed  into  pills  which  were  dried  at  100*.    The 
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combustioD  was  effected  In  an  apparatus  tha  construction  of 
vhich  is  shown  in  Fig.  3.  The  closed  lower  end  of  the  hard  glass 
tube  AA,  2  dcm.  ia  length  and  8  mm.  in  diameter,  is  placed 
upon  a  charcoal  fire,  or  strongly  heated  by  an  alcohol  lamp 
(u).  The  upper  end  of  this  combustion-tube  is  closed  with  a 
stopcock,  which,  however,  is  not  bored  through,  but  has  a  cavity 
bored  into  the  stopper.  A  pill  is  placed  in  this  cavity,  and  the 
stopcock  turned,  when  the  pill  falls  into  the  red-hot  tube.  By 
repeating  this  operation,  all  the  air  contained  in  the  combustion- 
tube  is  driven  out  by  the  side  tube.  A  weighed  quantity  of 
the  pills  is  then  gradually  added,  and  the  whole  of  the  gas 


generated  collected  in  a  graduated  jar  over  mercury.  The 
excess  of  oxygen  is  determined  by  adding  a  certain  volume  of 
hydrogen  and  exploding  the  mixture,  and  then  the  carbon 
dioxide  is  absorbed  by  caustic  potash,  and  thus  the  volumes  of 
the  two  gases  are  ascertained.  These  volumes,  together  with 
the  weight  of  the  substance  burnt,  give  data  for  ascertaining 
the  quantity  of  water  formed.  In  this  way  Gay-Lussac  and 
Th^nard  analysed  no  less  than  fifteen  organic  substances  free 
from  nitrogen,  and  four  substances  containing  this  element. 
In  the  latter  case  they  took  the  precaution  of  avoiding  a  large 
excess  of  oxygen  in  order  to  prevent  the  formation  of  the  oxides 
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at  nitrogen.  Some  of  the  analTBes  thus  conducted  are  fairly 
accnntte,  when  the  calcnlations  are  corrected,  this  being  neces- 
sary because  at  that  time  neither  the  true  composition  of  carbon 
dioxide  nor  that  of  water  was  known.  Thus  corrected,  Gaj- 
Lusaac  and  lli4uard's  numbers  for  the  percentage  composition 
of  sugar  are  as  follows.  The  results  calculated  from  the  formula 
are  added  for  the  sake  of  comparison. 

Foond.  Calenlitad. 

Carbon 41-36  4210 

Hydrogen     ....       €39  644 

Oxygen 5114  ,       51-46 

98'89  100-00. 

This  method,  however,  did  not  yield  satisfactory  results  in 
the  case  of  very  volatile  bodies,  and  the  composition  of  these 
substances  had  to  be  determined,  as  before,  by  eudiometric 
methods. 

We  are  indebted  to  Saussure  for  improving  this  branch  of 
analysis,  and  for  determining  accurately  the  composition  of 
several  compounds,  such  oa  that  of  alcohoL*  He  also  analysed 
non-volatile  bodies,  some  of  them  with  great  exactitude,  by  com- 
bustion in  oxygen,  determining  the  volume  of  this  gas  needed 
for  the  combustion,  as  well  as  that  of  the  carbon  dioxide  formed.* 

41  BcraHnt's  Method.  Saussure's  method  would  probably 
have  come  into  general  use  had  not  Berzelius*  published  in 
1814  his  much  more  exact  method  for  the  analysis  of  organic 
bodies.  It  has  already  been  stated  in  the  introduction  that 
Berzelms  began  this  investigation  With  the  view  of  ascertain- 
ing whether  ot^nic  bodies  obey  the  same  laws  of  chemical 
combination  as  those  which  regulate  the  formation  of  in- 
organic substances.  Adopting  Lavoisier's  plan,  he  absorbed 
the  water  and  carbon  dioxide  formed  by  the  decomposition, 
determining  their  amounts  gravi metrically.  Like  Qay-Lussac 
and  Thenard,  he  employed  potassium  chlorate  as  an  oxidising 
agent,  reducing  the  violence  of  its  action  by  mixing  it  with 
ten  times  its  weight  of  common  salt.  At  the  closed  end  of 
his  glass  combustion-tube  he  placed  some  of  this  mixture  of 
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common  salt  and 
potassium  chlorate ; 
then  came  an  intimate 
mixture  of  the  sub- 
stance with  the  same 
oxidising  material, 
whilst  the  front  por- 
tion of  the  tube  was 
filled  with  the  oxidis- 
ing substance  alone. 
The  open  end  of  the 
tube  was  drawn  out 
to  a  long  point  and 
the  whole  placed  in  a 
furnace  (Fig.  4),  in 
which  it  was  heated  by 
charcoal  and  placed  in 
the  position  indicated 
in  the  figure.  For  tho 
sake  of  precaution  the 
tube  was  surrounded 
by  a  coating  of  copper 
foil  fastened  with  iron 
wire.  The  open  end 
was  then  connected 
with  a  light  glass  re- 
receiver  (\),  which  in 
its  turn  was  joined  to 
the  tube  b,  contain- 
ing calcium  chloride, 
which  served  to  absorb 
the  water  not  con- 
densed in  A.  The 
carbon  dioxide  formed, 
together  with  the  ex- 
cess of  oxygen,  was 
collected  over  mercury 
in  the  bell-jar  contain- 
ing a  small  glass  vessel 
filled  with  caustic 
potash.  In  canying 
out    the    experiment. 
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the  front  end  of  the 
tube  was  first  heated, 
and  the  fire  gradaally 
extended  to  the  fur- 
ther end,  the  screen 
F  being  gradually 
pushed  back.  Theoxy- 
gea  evolved  at  the 
end  of  the  operation 
served  for  the  pur- 
pose of  driving  the 
combustion  -  products 
left  in  the  tube  through 
the  absorption  vessels. 
The  increase  in  the 
weight  of  the  vessels 
A  and  B  gave  the 
weight  of  the  water, 
formed,  and  that  of 
the  vessel  0  the 
amount  of  carbon  di- 
oxide. This  method 
is  not  applicable  to  the 
case  of  nitrogenous 
bodies,  inasmuch  as 
oxides  of  nitrogen 
are  then  formed  which 
are  absorbed  by  the 
caustic  potash.  Be- 
sides, the  method  is 
liable  to  variouB  other 
errors  which  render 
an  exact  determina- 
tion of  hydrogen  and 
carbon  impossible.  If 
we  desire  to  obtain  an 
idea  of  the  accuracy 
of  this  process,  the 
analytical  numbers 
obtained  by  Berzelius 
must  be  recalculated, 
inasmuch    as    inexact 
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atomic  weights  were  employed  by  bim.  If  this  be  done,  we 
obtain  the  following  numbers  for  the  percentage  compoaition 
of  sugar : 

Carbon 42-7 

Hydn^n 6*5 

Oxygen 508 

100-0 

43  Liebig'a  Method.  To  Liebig  belongs  the  singular  honour 
of  having  so  completely  perfected  and  simplified  the  process  of 
organic  analysis  that  his  method  is  used  at  the  present  day 
almost  unaltered.  The  labour  which  this  investigation  invoWed 
was  however  so  great  that  it  was  many  years  (1823-1830)  before 
it  was  completed,  and  the  potash  apparatus  in  tho  form  in  which 
it  is  now  used,  was  not  described  until  1S31.'  From  this  time 
forward  he  was  able,  with  the  help  of  his  pupils,  to  carry  out 


Fia.  «. 

the  numerous  imp3rtant  investigations  which  gave  to  the  Giessen 
laboratory  a  world-wide  reputation. 

As  an  oxidising  ^ent,  Liebig  employed  cupric  oside,  CuO,  a 
substance  which  had  been  used  by  Gay-Luasac  and  Thfinard  in 
their  analyses  of  nitrogenous  substances.  This  compound  is 
also  employed  for  the  qualitative  detection  of  carbon  and 
hydrogen,  inasmuch  as,  when,  in  the  perfectly  dry  state,  it  is 
ignited  with  an  organic  substance,  the  above  elements  unite 
with  its  oxygen  to  form  carbon  dioxide  and  water,  the  presence 
of  which  can  be  readily  detected. 

•  Pogg.  Ann.  xii,  1. 
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Liebig's  origiDal  eombastion  apparatus  is  shovvn  ia  Fig.  5, 
whilst  Fig.  6  exhibits  the  form  ia  which  at  a  later  time  it 
became  generally  adopted.  It  consists  of  the  combuation-tube 
(Fig.  7)  made  of  difficultly  fusible  glass,  drawn  out  at  the  closed 
end  to  a  fine  point.  This  is  filled  in  different  ways  according  to 
the  nature  of  the  body  undergoing  combustion.  If  it  be  a  solid, 
not  too  volatile  or  hygroscopic,  the  following  method  described 


\. 


iiJ. 


Fio.  7. 

by  Liebig^  msy  be  used : — A  small  quantity  of  finely-divided, 
and  previously  ignited,  black  oxide  of  copper  which  has  been 
cooled  in  a  closed  vessel  is  firat  brought  into  the  combus- 
tion-tube to  the  point  c ;  some  more  of  this  oxide  is  then 
placed  in  a  small  porcelain  mortar,  and  to  this  from  0'2  to  0'3 
gram  of  the  substance  is  added.  This  is  then  covered  with 
more  oxide,  and   well   mixed  by  means   of  the  pestle.     The 


mixture  is  next  filled  into  the  combnstioQ-tube  up  to  the  point 
h,  and  the  mortar  rinsed  out  with  more  oxide,  and  this  also 
brought  into  the  tube,  which  is  then  filled,  though  not  com- 
pletely, from  the  point  a  with  pure  copper  oxide.  The  length 
of  the  last  layer  of  pure  oxide  depends  on  the  combuatibility 
and  volatility  of  the  substance.     If  an  easily  volatile  substance 

1  For  hrtlirr  detafla  of  thU  m«tIiod  we  must  refer  to  Freieiilut'*  QuanlitaUM 
iaolyri^  p.  US,  I  in,  dxtii  ed. 
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has  to  be  burnt,  or  one  which,  on  heating,  gives  off  lai^ 
quootities  of  combuBtible  vapoTin,  the  column  of  oxide  Dust 
be  longer  than  in  other  cases.  The  tube  ia  then  laid  flat  on 
the  table  and  gently  tapped,  so  that  a  free  passage  for  the  pro- 
ducts of  combustion  is  left  above  the  surface  of  the  copper  oxide. 

Inasmuch  as  copper  oxide  is  a  veiy  hygroscopic  substance  and 
may,  therefore,  have  absorbed  moisture  from  the  air  during  the 
process  of  mixing,  this  moisture  must  be  removed  when  an  exact 
determinatioQ  of  the  hydrogen  b  required.  For  this  purpose 
the  tube,  prepared  in  the  way  described,  is  placed  iu  connection 
with  the  exhausting  syringe  (p.  Fig.  8),  the  second  opening  of 
wliich  13  joined  to  a  U-tube  (t)  containing  chloride  of  calcium. 
The  combustion-tube  (ab)  is  warmed  in  a  water-bath  or  sand- 
bath,  then  exhausted,  and  dry  air  allowed  to  enter,  and  this 
operation  repeated  several  times. 

43  In  order  to  avoid  this  tedious  dessicating  process,  the  sub- 
stance may,  arcoiding  to  Bunsen's  proposal,  be  mixed  with  the 


oxide  of  copper  in  the  tube  itselt  This  ia  effected  by  means  of 
a  copper-  or  brass-wire  bent  at  the  end  like  a  corkscrew  (Fig.  9), 
a  vertical  and,  at  the  same  time,  a  rotatory  motion  being  given 
to  the  wire.    The  tube  is  then  placed  in  the  combustion-furnace, 


;abyGoO<^lc 


LIEBIG-S  IMPBOVED  METHOD.  51 

closed  by  a  soft  bored  cork,  through  which  passes  the  end  of  the 

chloride  of  calcium  tube  (Fig.  10),  this  beiog  employed  for  tho 

absorptiou  of  the  water  produced.     Another  form  of  such  a 

tube   is    shown    Id  Fig.  11.      The  carbon  dioxide  is  collected 

ia  a  Liehig's    potash-bulb  filled 

with  a  concentrated   solution  of  -  *- 

caustic   potash  (Fig.   12).     Aqo-  ' 

ther    form    of  this  apparatus  is 

shown    in     Fig.    13.    All   these 

forms  of  bulbs  are   so  arranged 

that    the    gas    passes   in  single 

bubbles     through    the    various 

bulbs,    thus     remaining    for     a  Fio.  is. 

considerable     time    in     contact 

with  the  caustic  potash.     In  order  to  be  sure  that  the  carhou 

dioxide  is  completely  absorbed  (for  this  gas  is,  to  begin  with, 

mixed  with  a  large  quantity  of  air),  and  also  to  prevent  the 

exit  air  from  carrying  away  aqueous  vapour  from  the  caustic 

potash  solution,  a  few  pieces  of  solid  potash  are  |daced  in  the 

U-tube  (c)  (Figs.  6  and  14)  connected  to  aod  weighed  with  the 

potash-bulbs.     The  bulbs  are  then  connected  by  means  of  the 

U-tubes  to  an  aspirator  (v)  (Fig.  C),  the  stopcock  remaining 

open. 

In  carrying  out  the  combustion,  the  first  point  to  be  ascer- 
tained is  that  the  apparatus  is  perfectly  air-tight.  This  is 
usually  doue  by  first  placing  the  Liebig's  bulbs  in  a  slanting 
position  with  the  laiger  bulb  uppennost,  warming  this  until  a 
snfficient  quantity  of  air  has  escaped  through  the  liquid.  When 
the  air  in  the  apparatus  cools,  the  liquid  rises  in  tho  bulb,  and 
there  assumes  a  higher  level  than  in  the  other  part  of  the  ap- 
paratus. If  this  level  remains  constant  for  a  considerable  time, 
we  may  conclude  that  all  the  parts  of  the  apparatus  aro  tight, 
and  the  combustion  itself  can  now  be  commenced. 

The  next  operation  is  to  surround  the  front  part  of  the  tube 
with  red-hot  charcoal,  care  being  taken  that  the  end  of  the  tube 
carrying  the  cork  is  placed  in  such  a  position  that  in  the  first 
place  no  water  condenses  on  it,  and  in  the  second  that  the  cork 
does  not  become  over-heated  and  charred.  In  order  to  keep  tho 
hot  charcoal  in  its  right  place,  and  to  prevent  the  further  por- 
tioits  of  the  tube  from  becoming  heated  before  the  proper  time, 
the  iron  screen  F  (Fig.  6)  is  used.  This  is  gradually  pushed  back 
as  the  front  portions  of  the  tube  have  become  red-hot.     More 
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charcoal  ia  now  added,  and  the  process  is  continued  until  the 
whole  of  the  layer  of  copper  oxide  ia  red-hot.  The  portion  con- 
taining the  BubBtance  ia  now  very  care^lly  and  gradually  heated, 
BO  that  whilst  the  combuatioD  ia  going  on,  not  more  than  one  or 
two  bubbles  of  gaa  pass  every  second  through  the  potasb-bulbs. 
When  the  whole  of  the  tube  has  been  surroanded  by  red-hot 
charcoal,  and  as  noon  as  the  evolution  of  gas  ceases,  the  potash- 
bulbs  are  placed  in  a  vertical  position,  the  charcoal  removed 
firom  the  drawn-out  end  of  the  tube,  and  the  screen  placed  in 
front  of  the  point.  Owing  to  the  gradual  cooling,  and  to  the 
absorption  of  carbon  dioxide,  the  potash  solution  will  now  be  seen 
to  paaa  hack  into  tho  large  bulb.  When  this  is  filled  with  liquid, 
and  the  pressure  within  the  apparatus  being,  therefore,  somewhat 
less  than  the  atmospheric  pressure,  the  pointed  end  of  the  tube 
is  broken  by  means  of  pliers.  The  potash-apparatus  is  now 
brought  back  into  its  original  slanting  position,  and,  by  meana 
of  the  aspirator,  air  is  drawn  through  the  apparatus  in  order  to 
allow  the  whole  of  the  carbon  dioxide  and  aqueous  vapour  to 
pass  through  the  absorption  vessel.  In  order  to  be  quite  sure 
that  in  this  operation  none  of  the  carbon  dioxide  produced  by 
the  combustion  of  the  charcoal  iinds  its  way  into  the  combustion- 
tube,  a  long,  closely-fitting  glass  tube  is  dropped  over  the  open 
point  of  the  combustion-tube.  Sometimes,  instead  of  connecting 
the  tube  with  an  aspirator,  air  is  drawn  through  the  potash- 
bulbs  by  the  mouth,  by  means  of  a  bulb-tube  and  caoutchouc. 
The  arrangement,  when  this  ^lan  is  adopted,  is  shown  in 
Fig.  14.  As  soon  as  the  bubbles  passing  through  the  potash- 
apparatus  no  longer  diminish  in  size,  the  current  of  air  is 
stopped,  and  the  absorption  ves^U  are  removed,  placed  in  the 
balance  case,  and,  after  they  are  completely  cold,  their  weight 
ascertained. 

Difficultly  volatile  and  non-volatile  liquids  aro  weighed  out  in 
short  glass  tubes  open  at  one  end.  These  are  dropped  into  the 
combustion- tubo  containing  some  copper  oxide,  more  oxide 
added,  and  then  the  liquid  allowed  to  run  out  of  the  tube  into 
the  oxide  of  copper  by  carefully  sloping  the  tubo.  Volatile 
liquids  must  be  weighed  out  into  a  small  weighed  glass  bulb 
having  long  ends.  One  end  is  then  broken  ofif,  and  the  end, 
together  with  the  bulb,  allowed  to  fall  into  the  combustion-tube, 
which  is  then  filled  with  oxide  of  copper.  The  front  of  the  tube 
is  first  heated  to  redness,  and  afterwards  the  portion  in  which  the 
bulb  is  placed,  so  that  the  liquid  is  driven  out  into  the  oxide  of 
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coppei.     The  combustion   is  then  allowed  to   proceed  in  the 
ordinaiy  way. 

In  his  analyses  of  sugar,  Liehig  obtained  the  following 
results,  which  agree  sufficiently  well  with  the  theoretical 
numbers  when  they  are  re-calculated  with  the  present  atomio 
weights ; 

Carbon 41-71 

Hydr<^n C-45 

Oxygen 51-84 

100  00 


Fio.  1*. 

44  Gas  Oombastiim-fui-naces.  The  use  of  charcoal  has  the 
advantage  that  the  teniperature  at  the  various  parts  of  the  tube 
can  be  readily  controlled,  either  by  removing  or  by  fanning  the 
burning  charcoal.  On  the  other  hand,  its  employment  is  accom- 
panied by  several  disadvantages,  which  led  to  the  proposal  to 
replace  charcoal  by  alcohol  lamps.  A  furnace  of  this  kind 
constructed  by  Hess  came  into  use,  but  was  soon  superseded 
by  gas  combustion -furnaces  when  Bunsen  introduced  his  non- 
luminous  gas-burner.    An  old  form  of  gas-furnace  introduced  by 
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V.  Babo  is  shown  in  Fig.  15.  Erlenmejer's  funiace  exhibited 
in  Fig.  16  is  much  used  at  the  present  day.  Its  arrangement 
ia  readily  understood  by  reference  to  the  figure.  In  order  t-o 
protect  the  combustion-tube  from  the  direct  action  of  the  flame, 
it  is  generally  placed  in  a  trough  made  either  of  fireclay,  or  (^ 
iron  lined  with  some  calcined  magnesia,  and,  for  the  purpose  of 
throwing  the  hot  gaeea  'of  the  flame  on  to  the  top  of  the  tube. 


tiles  are  placed  on  the  sides  and  top  of  the  furnace.  Erienmeyer'a 
furnace  does  not  burn  much  gas,  but  great  care  musl  bo  taken  in 
heating  the  tube,  as  it  easily  cracks  unless  the  temperature  be 
very  gradually  raised. 

This  risk  is  much  lessened  in  Hofmann'a  form  of  furnace' 
(Figs.  17  and  18),  in  which  a  well-diffuscd  radiant  heat,  similar 


'  Quart.  Joum.  Clum.  i 
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to  that  obtaioed  from  red-hot  charcoal,  ia  produced  by  the  igni- 
tioD  of  heated  fireclay  cyliadera.  The  hollow  cyliaders  are  fixed 
upon  fish-tail  gas-burners,  aod  are  closed  at  the  top,  the  sides 
being  punctured  with  a  large  uumber  of  small  opetutigs,  at 


Fio.  17. 

which  the  gas  buros  mixed  with  air.     In  order  to  concentrate 

the  heat,  plates  of  fireclay  aie  placed  at  the  sides  and  top  of 

the  furnace. 

Another  form  of  combustion-furnace  now  much  in  vogue  is 

that  proposed   by   Glaser*   and   shown    in 

Fig.  19.     It  was  first  described  by  Donny, 

and    the    combustion-tube     is    boated    by 

means  of   perforated   pieces  of  iron  shown 

in  the  figure,  forming   a  trough  in  which 

the  combustion-tube  lies  vound  round  with 

iron  gauze.     The  tube  is  heated  partly  by 

conduction  from  the  hot  iron  and  partly  by 

the  gas  which  bums   through  the  perfora- 

tiona     Perforated  clav  covers  are  employed 

...  ,  ,  -  .        ,  ^o-  18. 

for  raising  and  equalising  the  temperature. 

45  Combustion  in  a  Cvrrevt  of  Oxygtn.  Wbeu  the  combustion 
is  performed  according  to  Liebig's  original  method,  it  sometimes 
happens,  especially  in  the  case  of  bodies  rich  in  carbon,  that 
some  of  the  carbon  is  deposited  on  the  upper  port  of  the  tube 
or  even  upon  the  reduced  metallic  copper,  and  this  is  only  in- 
completely burnt  when  air  is  passed  over  it.     In  order  to  avoid 

*  ^KH,  Ch»ni.  PDam,  SuppL  vii.  21). 
122 
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thia  source  of  error,  Bome  pieces  of  fused  potassium  chlorate,  or 
better,  perchlorate,  may  be  placed  at  tbe  end  of  tbe  tube,  from 
vliich  a  current  of  oxygen  is  evolved  at  the  end  of  the  operation. 
When  every  precaution  is  taken,  the  combustion  carried  out  iu 
iiiia  way  yields  satiahctory  results.  Thus,  for  example,  the  per- 
centage of  carbon  ought  neveT  to  be  more  than  O'l  to  O'OS  below 
the  theoretical  amount,  whilst  the  hydrogen  should  not  be  moro 
than  about  0*2  per  cent  in  excess  of  theory.  By  this  plan,  how- 
ever, a  new  tube  must  be  employed  for  each  combustion,  and 
hence  it  was  long  ago  proposed  to  conduct  the  combustion  in  a 
stream  of  air  or  oxygen,  and  this  method  is  now  generally  adopted. 
Fig.  19  shows  the  arrangement  of  an  apparatus  for  carrying  out 
a  combustion  of  this  kind.  A  tube  open  at  both  ends  ia  used ; 
one  end  is  connected  with  the  at  sorption- tubes,  and  the  other 
with  a  drying  apparatus  (a.),  through  which  either  dry  sir  or  dry 
oxygen  can  be  passed.  Tbe  part  of  the  tube  near  the  calcium 
chloride  tube  is  filled  to  two-thirds  of  its  length  with  granulated 
copper  oxide,  behind  which  the  substance  to  be  analysed  is 
placed  in  a  platinum  or  porcelain  boat.  In  front  of,  and  in 
connection  with  the  absorption-tubes,  is  placed  an  aspirator  (b), 
in  order  to  ensure  the  passive  of  the  products  of  combustion 
through  the  absorption-tubes,  and  to  prevent  them  by  any 
chance  from  passing  into  the  drying  apparatus.  AfW  the 
copper  oxide  has  been  heated  to  redness,  the  substance  is  gra- 
dually ignited,  a  slow  current  of  air  being  at  the  same  time 
passed  through  the  apparatus  from  the  gas-holder,  in  order  to 
can7  the  products  of  the  combustion  into  the  absorption-tubes. 
As  soon  as  the  whole  tube  ia  red-hot,  the  current  of  air  is 
changed  for  one  of  oxygen.  By  this  means  any  carbon  left  in 
the  platinum  boat  is  completely  burnt,  and  all  the  reduced 
copper  13  re-oxidised.  This  method  is  very  convenient,  as  after 
each  combustion  the  apparatus  is  in  exactly  the  same  state  as  it 
was  before  the  experiment ;  and  as  soon  as  it  has  cooled  down  a 
new  combustion  may  be  commenced. 

According  to  this  plan  the  whole  of  the  apparatus  is  well 
dried  before  the  combustion,  and  henco  we  might  suppose  that 
the  hydrogen  determination  would  be  more  correct  than  by 
the  older  process  in  which  the  hygroscopic  copper  oxide  is 
exposed  to  the  tur.  Experience  has,  however,  shown  that  this 
ia  not  the  case,  although  no  satisfactory  explanation  for  the  fact 
has  been  given.* 

^  Liabeu,  LUti^  Ann.  elxxxrii.  Ii2. 
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ADother  Eimilarly  anexplained  occurrence  in  such  combustions 
is  that  that  the  first  analyses  are  almost  always  incorrect,  and 
hence  this  method  is  to  be  recommended  chiefly  when  a  large 
number  of  analyses  have  to  be  made  quickly  ono  after  the 
other.     It  is  then  advisable  to  make  several  combustions  of 


some  such  stibstance  as  sugar,  for  the  purpose  of  getting  the 
tube  into  order,  and  as  soon  as  a  correct  analysis  is  obtained  the 
apparatas  is  known  to  be  in  the  right  condition.  In  view  of  the 
fact  that  the  current  of  gas  is  constantly  passing  through  the 
tube,  this  method  requires  much  more  continued  attentioQ  than 
the  combustion  in  closed  tubes ;  end  this  ia  especially  the  case 
when  easily  volatile  bodies,  or  bodies  which  evolve  a  large 
quantity  of  gaseous  products,  aie  burnt.  On  the  other  hand, 
the  passage  of  a  current  of  oxygen  at  the  end  of  the  operation 
is  a  guarantee  of  the  complete  combustion  of  the  substance. 
For  the  above  reasons  combustions  are  carried  out  in  some 
laboratories  in  a  closed  tube,  and  at  the  end  of  the  operation 
a  current  of  oxygen  is  passed  over  it,  the  end  of  the  tube  being 
drawn  out  in  the  form  shown  in  Fig.  20.  The  tube  ia  iil'ed,  as 
in  Liebig's  or  Bunsen's  method,  with  the  oxide  of  copper 
substance,  and  the  combustion  carried  on  in  the  way  already 
described.  As  soon  as  no  further  bubbles  are  seen  to  pass 
through  the  potash  apparatus  the  burners  at  the  end  of  the 
tube  are  turned  down,  and  this  end  when  cold  joined  to  an 
oxygen  gasometer  by  a  caoutchouc  tube.  The  closed  end  of 
the  combustion-tube  is  then  broken  by  squeezing  with  pliers, 
and  the  oxygen  allowed  to  pass  slowly  through  the  tube  until 
the  whole  of  the  air  has  been  displaced. 

46  Cominstion  of  nitrosenous  $ubstanc(s.  It  has  already  been 
mentioned  that  in  the  combustion  of  nitrogenous  bodies,  oxides  of 
nitrogen  may  be  formed ;  these  will  be  partly  absorbed  by  the 
water  and  partly  carried  forward  into  the  potash.  It  is  to  Gay- 
Lussac  that  we  owe  the  suggestion  of  a  method  by  means  of 
which  carbon  and  hydrogen  contained  in  nitrogenous  bodies  can  be 
accurately  determined.   As  has  been  stated,  he  employed  copper 
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oxide  as  ao  onidiaiog  agent,  and  in  order  to  prevent  the  forma- 
tioQ  of  oxides  of  nitrogen  finding  their  way  into  the  measuring 
apparatus  he  filled  the  front  part  of  the  tuhe  ivith  copper  turn- 
ings. Qay-Lussati  carried  on  his  combustion  as  we  do  now,  and 
in  1815  he  succeeded  in  determining  the  composition  of  hydro- 
cyanic acid,  cyanogen  gas,  uric  acid,  &c.  At  a  later  dote  this 
method  was  perfected  in  the  classical  investigation  by  Gay- 
Lussac  and  Liebig  on  the  fulminates. 

If  a  nitrogenous  substance  has  to  be  analysed,  the  tube  is 
filled  in  the  usual  way,  a  layer,  of  from  15  to  20  centimetres  in 
length,  of  metallic  copper  being  placed  in  the  front  of  the  tube. 
For  this  purpose  either  copper  turnings  may  be  employed,  or  the 
metal  obtained  by  reduction  of  the  oxide  in  hydrogen.  Some- 
times a  spiral  of  copper  wire,  or,  more  conveniently,  a  cylinder 
of  rolled-up  copper  gauze  is  used.  The  metal  must  be  heated 
to  bright  redness  before  the  combustion  of  the  substance  is  com- 
menc«I,  in  order  to  insure  the  comj^ete  decomposition  of  any 
oxides  of  nitrogen  which  may  pass  over. 

47  Combttsticn  of  Bodies  containing  Sulphur,  Carbon  com- 
pounds containing  sulphur  yield  on  combustion  sulphur  di- 
oxide, and  this  would  of  course  be  absorbed  by  the  caustic 
potash.  In  order  to  prevent  this,  Liebig  and  W&hler'  proposed 
to  place  a  small  tube  containing  dried  lead  dioxide  or  manganese 
dioxide  between  the  chloride  of  calcium  tube  and  the  potash- 
bulba.  In  passing  over  these  oxides,  the  sulphur  dioxide  is 
oxidised,  the  sulphate  of  lead  or  of  manganese  being  formed. 
Carina  *  proved,  however,  that  when  a  substance  which  contains 
much  sulphur  is  thus  burnt,  the  oxides  of  sulphur  are  not 
wholly  absorbed,  and  Bnnsen  has  observed  that  the  above  per- 
oxides may  absorb  some  carbon  dioxide.  Hence  it  is  advisable 
to  burn  bodies  containing  sulphur  by  means  of  lead  chromate,  a 
substance  which  was  finit  used  in  organic  analysis  by  Berzelius* 
in  1S38  fw  the  purpose  of  preventing  the  formation  of  carbon 
monoxide  in  the  combustion.  If  care  be  taken  not  to  heat  the 
front  part  of  the  tube  too  strongly  the  whole  of  the  sulphur 
dioxide  remains,  in  this  case,  in  the  combustion-tube  in  the 
form  of  lead  sulphate. 

48  Use  of  Lead  ChromaU  in  ComJnutions.  Lead  chromate  is 
also  employed  in  several  other  cases  instead  of  copper  oxide. 
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For  the  purpose  of  prepariog  this  compound  a  solution  of  lead 
acetate  is  mixed  with  one  of  potassium  dicliromate,  the  pre- 
cipitate well  washed,  and  the  dried  substance  fused  at  as  low  a 
temperature  aa  possible,  and  powdered  after  cooling.  Lead 
chromate  possesses  aji  advantage  over  copper  oxide  in  not 
being  hygroscopic.  It  also  fuses  readily,  and  hence  it  is  especi- 
ally valuable  for  the  analysis  of  bodies  very  rich  in  carbon 
or  of  those  from  which  carbon  readily  separates,  and  in  ^lese 
cases  it  is  advisable  to  add  to  it  a  small  quantity  of  potassium 
dichromate.  It  is  also  used  for  the  combustion  of  oi^anic  salts 
of  the  alkalis  and  alkaline  earths,  as  these  when  heated  in  an 
atmosphere  of  carbon  dioxide  leave  a  residue  of  carbonates. 

When  the  same  lead  chromate  has  been  frequently  employed 
for  combustion,  and  a  laige  quantity  of  chromic  oxide  and 
metallic  lead  has  been  formed,  it  may  readily  be  oxidised  by 
moistening  with  nitric  acid,  drying  and  fusing. 

If  an  organic  substance  containii^  an  element  of  the 
chlorine  group  be  burnt  with  copper  oxide  it  may  happea  that  a 
portion  of  the  chlorine  is  set  free  and  this  may  condenso  in  the 
absorption-tubes.  In  order  to  avoid  this,  lead  cbromate  is  used, 
in  which  case  the  haloid  salt  of  lead  is  formed.  Such  a  com- 
bustion may  however  be  carried  on  with  copper  oxide  if  a  spiral 
of  metallic  copper  be  placed  in  the  front  of  the  tube,  and  if 
this  be  heated  not  too  strongly.  As  the  above  cuprous  com- 
pounds are  however  tolerably  easily  volatile,  they  are  sometimes 
carried  forward  into  the  chloride  of  calcium  tube.'  Moreover 
these  halogen  elements  may  be  given  off  from  the  cuprous  salt 
when  oxygen  is  passed  over  the  substance.  Hence  it  is  better 
in  such  cases  to  employ  a  spiral  of  fine  silver  wire  or  silver  foil 
instead  of  copper,* 

When  a  compound  containing  mercury  ia  to  be  burnt,  a  copper 
spiral  is  also  placed  in  &ont  of  the  tube  and  this  must  be  only 
very  gently  heated,  otherwise  the  deposited  mercury  may  be 
volatilised  and  pass  into  the  weighed  tube. 

49  Organie  Analysis  6y  means  of  Platinum.  This  metal  in  its 
finely-divided  state  ia  well  known  to  possess  the  power  of  con- 
densing oxygen  in  large  quantity,  and  of  giving  it  up  again  to 
combustible  bodies.  Upon  this  fact  F.  Eopfer'  has  founded 
a  method  of  analysis  capable  of  very  general  application,  and 

>  St£de1er,  Ann.  Chem.  Fharm.  Ixiz.  S3S. 
*  Knnt,  ZeUtehr.  anal.  Clmm.  u.  312. 
'  Joum.  Chan.  Soc  xxiz,  680. 
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chuacterised  by  its  exactitude,  especially  ia  the  detenninatioD 
of  hydrogen,  as  irell  ag  by  its  simplicity  and  conveDience,  The 
combustion  is  carried  on  in  a  current  of  oxygen  gas  in  a  tube 
open,  at  both  ends  about  1'3  cm.  in  diameter,  Fig.  21.  At  a^, 
a„  and  a,  are  placed  plugs  of  asbestos  woynd  round  with  fine 
platinum  vire,  of  which  the  end  ones  ait  loosely  in  the  tube, 
whilst  a,  is  fastened  more  firmly,  and  this,  in  order  to  prevent 
the  passage  being  stopped  by  volatile  bodies,  baa  a  prismatic 
form.  The  space  between  a,  and  a,  is  filled  vith  an  intimate 
mixture  of  about  10  grams  of  platinum-black*  and  the  re- 
quisite quantity  of  freshly  ignited  and  woolly  asbestos.  This 
mixture,  which  ia  easily  obtained  by  simply  shaking  up  the 
two  materials  in  a  bottle  together,  possesses  a  large  amount  of 


surface  for  the  nuss  of  the  body,  and  therefore  acta  very  quickly. 
Betwe^i  a,  and  a^  is  placed  the  boat  or  tube  containing  the 
substance.  The  combnstion-tube  between  a,  and  b  is  sur- 
rounded with  a  double  cover  of  brass  wire  gauze,  whilst  that 
between  b  and  e  ia  placed  in  a  trough  of  doable  wire  gauze; 
Either  air  or  oxygen  may  be  employed  for  the  purpose  of  carry- 
ing on  the  combustion.  For  purifying  and  drpag  the  gas  * 
Ropfer  used  a  very  convenient  apparatus.  The  gases  pass 
first  through  a  Liebig's  potash-bulb  containing  a  fifty  per  cent 
■olntion  of  caustic  potash,  and  ftom  this  so  small  a  quantity  of 
water  evaporates  that  for  the  purpose  of  drying  only  short 
chloride  of  c^cium  tubes  are  employed,  and  these  may  be  used 
for  a  length  of  time.     The  combustion  furnace  is  composed  of 

'  Is  order  to  prepare  thU  lubctainci^  a  (fiuDtity  of  plfttinnm  dilorido  contain- 
faix  tboat  10  gruns  of  in«UI  ii  huted  to  boiling  with  26  gnmi  of  pure  rsnttia 
potuh,  diaolved  in  100  cc,  of  water,  Thi*  i>  then  added  to  >  hcAUnn  eolation 
of  10  grami  erf  grape  Bngar  in  iOO  ec  of  water  aud  the  whole  boiled  for  *  law 
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two  moveable  boxes  of  sheet  iron  of  which  the  first  carries  four 
bumera,  and  the  l&st  odI;  one  (/),  moveable  in  a  slot  (Fig.  22). 
In  order  to  carry  out  the  combustion  the  tube  is  first  filled  with 
oxygen,  and  then  the  current  so  regulated  that  two  babbles 
pass  through  per  second.  At  this  point  the  four  front  burners 
are  lighted,  and  the  substance  heated,  beginning  from  c  (Fig.  22). 
in  the  direction  shown  by  the  arrow,  for  the  purpose  of  allowing 
the  greater  part  of  the'  volatile  products  to  condense  between 
Aj  and  h,  a,  small  portion  only,  passing  over  the  heated 
platinum  and  being  completely  burnt.  The  position  of  the 
burner/ is  then  so  placed  that  the  combustion  goes  on  regularly. 
When  a  quantity  of  carbon  has  separated  out,  or  when  diffi- 
cultly volatile  substances  have  sublimed  between  the  porta  a 
and  I,  a  piece  of  wire  gauze  is  placed  over  the  tube,  and  this 
portion  is  heated  to  redness.  When  the  combustion  is  complete, 
the  oxygen  is  replaced  by  air,  and  a  new  analysis  may  then  be 
begun  as  soon  as  the  tube  has  cooled.  In  the  case  of  very  easily 
oxidisable  substances  a  very  vigorous  combustion  often  takes 
place  about  a^  the  platinum -black  being  thereby  heated  to 
redness.  In  such  a  case  the  oxidation  must  be  regulated  by 
pushing  the  burner  in  the  opposite  direction  to  that  shown 
by  the  arrow. 

Should  the  substance  contain  the  elements  of  the  chlorine 
group,  fifteen  grams  of  thin  silver  foil  cut  Into  small  four-sided 
pieces  must  be  mixed  with  the  platjnxim-cisbestos.  After  the 
combustion  it  is  then  ignited  in  a  current  of  hydn^n  in  which 
the  tube  is  allowed  to  cool,  and  lastly  it  is  heated  in  a  rapid 
current  of  air  when  the  apparatus  is  ready  to  be  employed  for 
a  new  analysis. 

Compounds  which  contain  nitrogen  or  sulphur  are  burnt  by 
bringing  into  the  front  part  of  the  tube  a  layer  of  lead  dioxide ' 
about  10  cm.  long,  and  surrounded  by  an  air-bath,  the  bottom  of 
which  consists  of  three  pieces  of  brass  wire  gauze,  and  the  top  of 
which  contains  two  such  layers  whereby  the  temperature  is 
regulated.  This  is  shown  in  Fig  23.  It  is  then  heated  for  an 
hour  to  a  temperature  of  150°  to  200°,  pure  carbon  dioxide 
passed  through,  and  lastly  this  replaced  by  dry  air.  Durii^ 
the  combustion  the  lead  dioxido  is  kept  at  the  same  tempera- 
ture, when  the  sulphur  is  entirely  held  back  in  the  form  of 

1  This  is  btrt  obtained  by  boiling  pun  nd  tud  nith  aitria  acid.  The  rctidufl 
u  fint  wuhed  with  bot  ililato  nitric  acid,  nnil  IhcQ  niUi  hot  water,  and,  lAet 
dtyiDg  on  a  wata-bath,  ii  braken  into  small  piaces. 
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Bulpbate,  and  nitrogen  in  the  form  of  nitrate.  If,  in  addition 
to  these,  the  substance  contains  the  elements  of  the  chlorine 
groap,  asbestos  containing  silver  foil  must  likewise  be  employed. 


DETERMINATION  OP  NITROGEN. 

50  Detection  of  Nitrogen.  Many  organic  bodies  contfuning 
nitrogen,  when  heated  with  an  alkali,  evolve  either  ammonia  or 
a  compound  ammonia.  The  presence  of  these  substances  may 
be  detected  by  their  smell,  by  their  alkaline  reaction,  and  by 
their  property  of  yielding  a  thick  cloud  when  brought  into 
contact  with  hydrochloric  acid.  The  presence  of  nitrogen  can 
thus  be  readily  detected.  If  however  the  quantity  of  nitrogen 
be  but  small  it  may  thus  escape  detection.  Moreover  a  large 
number  of  carbon  compounds  exist  of  artificial  origin,  obtained 
by  the  action  of  nitric  acid  or  of  the  oxides  of  nitrogen,  and 
these  do  not,  as  a  rule,  yield  ammonia  when  ignited  with  an 
alkali 

The  smallest  trace  of  nitrogen  can  however  be  detected  in 

every  case  by  a  method  proposed  by  Lassaigne.*  For  this  purpose 

the  body  is  heated  in  a  small  tube  with  metallic  sodium.     If 

the  substance  be  explosive  it  must  be  mixed  beforehand  with 

I  CmnpL  JUnd.  1343,  887. 


;abyG00<^lc 


ESTIMATION  OF  NITBOQEN.  66 

dry  carbonate  of  soda.  In  moat  cases  a  slight  detonation  takes 
place  with  separation  of  carbon.  The  mixture  is  then  heated 
more  Etrongly  in  order  to  volatihse  the  sodium,  the  moss  allowed 
to  cool,  the  residue  dissolved  in  water  and  filtered.  The  iiltrate 
which  contains  cyanide  of  sodium  is  then  mixed  with  a  solution 
of  ferrous  sulphate  which  has  undergone  partial  oxid:ition  in  the 
lur,  and  acidified  with  dilute  sulphurio  acid.  If  a  large  quantity 
of  nitrogL'U  be  contained  in  the  organic  body,  an  immediato 
precipitate  of  Prussian  blue  is  thrown  down.  If,  however, 
only  small  traces  of  nitrogen  be  present,  the  acidified  liquid 
becomes  green,  and  after  a  time  a  blue  flocculent  precipitate 
ia  observed. 

51  Estimation  of  Nitrogen.  For  the  purpose  of  determining 
nitrogen  quantitatively,  two  methods  are  employed.  It  may 
be  obtained  either  in  the  form  of  animonia  or  of  a  compound 
ammonia,  or  it  may  be  liberated  and  the  volume  of  nitrogen 
gas  determined. 

Will  and  Varrentrapp's  Method.  The  first  method,  for  which 
we  are  indebted  to  the  above-named  chemists,'  is  by  far  the 
simplest,  and  it  a,  therefore,  employed  in  all  those  cases  in  which 
it  is  possible  to  do  sa  It  depends  on  the  fact  already  mentioned, 
first  observed  by  Bumas,  that  nitrogenous  bodies  when  heated 
with  on  alkali  form  ammonia,  the  carbon  being  oxidised  and 
the  nascent  hydn^n  uniting  with  the  nitrogen. 

0  +  4K0H  =  CO,  +  2K,0  +  4H. 

If  an  excess  of  hydrogen  be  formed  at  the  same  time,  it  is 
either  evolved  as  such  or  in  the  form  of  hydrocarbons.  Wdhler 
and  Liebig  proposed  to  employ  this  for  the  determination  of 
nitrogen,  and  the  above-named  pupils  of  Liebig  worked  out 
ihe  process  in  the  exact  form  in  which  it  is  now  so  much  used. 
Soda-lime  is  employed  as  the  alkali,  as  it  does  not  attack  the 
glass.  This  is  obtained  by  slaking  two  p^ta  of  quicklime  with 
a  solution  of  one  part  of  caustic  soda  and  gently  igniting  the 
mixture.  In  the  process  of  analysis,  soda-lime  is  brought  into 
a  small  combustion  tube  (a,  Fig.  24),  and  the  substance  well 
mixed  with  it  in  the  tube,  which  is  then  Blled  up  to  the  end 
with  pure  soda-lime.     The  tube  is  then  tapped  so  as  to  open  a 


'  Ann.  Chtm.  Fharnt,  i 
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cbiiiinel  at  the  top,  and  attached   to  the  bulb-apparatus  (h), 
containing  dilute  hydrochloric  acid,  so  arranged  that  the  liquid 


Fia.  it. 

can  neither  be  blown  out  by  the  rapid  current  of  gas  nor  dra^rn 
back  into  the  tube,  if  an  absorption  should  take  place.  Another 
bulb-apparatus  which  perhaps  secures  this 
end  more  certainly  has  been  proposed  by 
Arendt  and  Knop,  and  shown  in  Fig.  25. 

When  the  whole  apparatus  ia  arranged, 
the  front  layer  of  soda-lime  is  ignited,  and 
the  mixture  of  the  substance  with  soda-lime 
13  then  gradually  heated.  At  the  end  of  the 
ofieration  the  point  is  broken,  and  air  drawn 
through  the  apparatus  either  by  means  of  the  mouth  or  by  an 
aspirator,  in  oider  to  bring  the  whole  of  the  ammonia  into 
the  hydrochloric  acid.  The  residue  left  in  the  tube  should 
be  white,  and  to  effect  this,  the  tube  requires  to  be  pretty 
strongly  heated  bo  that  any  carbon  containing  nitrogen,  or  any 
cyanogen  compounds,  may  be  completely  burnt.  \ 

Nitrogenous  liquids  are  weighed  out  in  bulb-toibes  and  treated 
in  the  same  way  as  in  the  carbon  and  hydrogen  determination. 
In  place  of  soda-lime  a  mixture  of  equal  parts  of  powdered 
quicklime  and  soda  may,  in  many  cases,  he  employed.'  In  case 
of  bodies  which  contain  lai^  quantities  of  nitrogen,  and  which 
therefore  evolve  a  large  quantity  of  ammonia,  it  may  happen 
that,  in  spite  of  all  care,  the  acid  passes  back  into  the  red-hot 
tube.  This  may  be  prevented  simply  by  mixing  the  substance 
with  Bome,  sugar  in  order  that  the  ammonia  may  be  diluted 
with  hydrogen  or  some  hydrocarbon.  The  hydrochloiic  acid 
is  then  evaporated  on  a  water-bath  with  an  excess  of  platinic 
chloride,  and  the  residue  thrown  on  to  a  filter  and  washed  with 

*  Jobuon,  jitiurieaa  dumitt,  iiL  ISl. 
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etber  to  which  only  &  few  drops  of  alcohol  have  heen  added, 
because  Hofmann  has  showa  that  the  double  platiouin  salts  of 
the  compound  ammooias  are  frequently  rather  soluble  in  alcohol. 
The  reiiidue  on  the  filter  is  then  dried  at  100°  and  weighed. 
It  is  then  ignited  and  the  weight  of  the  residual  platinum 
obtuned.  From  this  it  is  easy  to  calculate  the  quantity  of 
nitrogen,  because  all  these  platinum  double  salts  contain  two 
atoms  of  nitrogen  to  one  atom  of  the  platinum.  The  comparison 
of  the  weight  of  the  double  salt  with  that  of  platinum  is  iu 
many  cases  of  importance,  for  by  this  means  we  ascertain 
whether  ammonia  or  a  compound  ammonia  has  been  formed. 

5a  LUhig's  Relative  Method.  It  has  already  been  stated  that 
Gay-Lussac  was  the  first  to  employ  copper  oxide  and  metallic 
copper  in  the  analysis  of  nitrogenous  compounds.     He  collected 


Fid.  26. 

the  products  of  combustion  over  mercury,  and  determined  the 
volume  of  the  carbon  dioxide  and  that  of  the  free  nitrogen  by 
absorbing  the  first  of  these  gases  with  alkali.  Qay-Lussac 
and  Liebig,  in  their  investigation  on  fulminic  acid,  perfected 
this  method,  and  the  latter  founded  on  this  his  method  for 
the  relative  determination  of  nitrogen.  For  ibis  purpose  an 
unweighed  quantity  of  the  body,  mixed  with  about  fifty  times 
its  weight  of  oxide  of  copper,  is  brought  into  the  combustion- 
tube,  which  is  closed  at  the  end  and  half  filled  with  the  mixture. 
In  the  next  fourth  part  of  the  tube,  pure  oxide  of  copper  is 
added,  the  last  quarter  being  filled  with  metallic  copper  and  the 
open  end  of  the  tube  being  furnished  with  a  gas-delivery  tube. 
The  metallic  copper  is  first  heated  to  redness;  next  the  further 
portion  of  the  combustion -tube  is  heated,  in  order  to  expel  the 
whole«of  the  air  contained  in  the  tube  by  means  of  the  gases 
evolved  during  the  combustion ;  the  ignition  is  slowly  carried 
forward,  and  the  gases  are  collected  in  small  graduated  tubes 
over  mercury,  as  shown  in  Fig.  26.     In  order  to  ascertain  the 


;abyGoO<^lc 


68  ULTIMATE  ORGANIC  AKALYSia 

relation  between  the  carbon  dioxide  and  nitrogen  in  this  gaseous 

mixture,  the  tubes  are  brought  one  after  the  other  into  a  cylinder 

filled  with  mercury  (Fig.  27), 

and   fixed  in  such  a  position 

that  the  level  of  the  mercury 

iuside  and  outside  the  tube  is 

the  same.  The  volume  of  the 

gaseous  mixture  is  then  read 

off,  a  small  quantity  of  caustic 

potash  solution  blown  into  the 

tube    by   means  of 

m         the  pipette  (Fig.  28), 

I         and  after   this   has 

Qk       been  moved  slowly 

y^        up  and  down  in  the 

I  tube,  the  whole   of 

I  the  carbon  dioxide 

is  absorbed.  As  soon 

Fio.  27.  Fro.  28.     ^  this  IS  effected, 

the     level    of    the 

mercury  inside  and  outside  is  again  equalised,  and  the  volume 

of  the  nitrogen  read  off,  and  thus  the  relation  between  it  and 

the  carbon  dioxide  ascertained.     The  first  tube  may  contain 

a  small  quantity  of  air ;   the    later  ones,  on  the  other  hand, 

ought,  if  the  experiment  has  been  properly  conducted,  to  yield 

identical  results. 

If  the  amount  of  carbon  contained  in  the  substance  has  been 
previously  determined  by  combustion-analysis,  it  is  easy  to 
ascertain  the  absolute  amount  of  nitrogen  from  the  relative 
volumes  of  the  carbon  dioxide  and  nitrogen.  This  method  of 
Liebig's  for  the  relative  determination  of  nitrogen  is  simply 
and  easily  carried  out,  but  only  yields,  as  be  himself  remarks, 
accurate  results  when  the  substance  does  not  contain  more  than 
four  atoms  of  carbon  to  one  of  nitrogen.  Moreover,  it  possesses 
the  disadvantage  common  to  the  other  relative  methods,*  that 
the  determination  of  the  nitrogen  is  entirely  dependent  on  that 
of  the  carbon. 

53  Bun^cn's  Itdative  Method.  Bunsen  *  has  proposed  another 
method  of  nitrogen  determination  especially  valuable  for  the 

>  Mwchancl.   Jmtm.   Pr.    Chm.   ili.   177;   Gottli«b,   Ann.    Chem,   Pharm. 
bzviii.  241  ;  Simpann,  ibid.  xcv.  03. 
*  ffandwSrterbueh.  SuppL  200. 
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analyBis  of  bucIi  a  Bubstance  aa  gun-cotton,  in  ivhich  the  nitrogen 
can  in  &ct  not  be  deteimined  by  any  other  method.     For  this 


purpose  ahont  five  grama  of  copper  oxide  and  from  0'3  to  04 
gram  of  the  substance  mixed  with  some  metallic  copper  are 
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placed  in  e.  combostioii'tDbe  closed  at  otie  end,  about  50  centi- 
metres in  length,  and  having  a  diameter  of  about  3  centimetres. 
The  other  end  of  the  tube  is  then  drawn  out  to  a  line  but  strong 
point,  83  shown  in  Fig,  32,  which  is  carefully  fused  after  the 
whole  apparatus  has  been  tilled  with 
dry  hydrogen,  nnd  this  gas  has  then 
been  removed  for  the  most  part  by 
means  of  an  air-pump,  the  arrange- 
ment  for  this  purpose  being  represented 
in  Fig.  29.  The  tubes  are  then  placed 
in  an  iron  trough  (Figs.  30  and  31), 
filled  with  a  paste  of  plaster  of  Paris 
and  water,  and  when  after  the  lapse 
of  about  an  hour  this  has  set,  the 
whole  is  heated  to  dull  redness.  After 
Fi0,  82.  cooling,  the  drawn  out  end   is  broken 

under  an    eudiometer,    and   the    gas 
determined  by  eudiometric  methods. 

In  order  to  carry  out  these  operations  successfully,  a  con- 
siderable amount  of  practice  and  great  manual  dexterity  arc 
needed;  and  hence,  in  those  cases  to  which  the  easy  method 
of  Tarrentrapp  and  Will  is  inapplicable,  the  process  which  is 
usually  adopted  is  the  method  of  the  absolute  determination 
of  nitrogen,  known  as  Dumas'a  method. 

54  Dumatf  Absolute  Method.  Into  a  combustion-tube,  closed 
at  one  end,  a  compound  is  first  brought  which  easily  gives 
off  carbon  dioxide  on  heating.  For  this  purpose  either  copper 
carbonate  or  wfaito-lead  may  be  employed.  Then  cornea  a  short 
layer  of  copper  oxide,  then  the  mixture  of  the  substance  with 
copper  oxide,  and  next  a  long  layer  of  pure  copper  oxide,  and 
lastly,  in  the  front  part  of  the  tube,  a  spiral  of  metallic  copper. 
By  heating  the  further  end  of  the  tube  the  whole  of  the  air 
is  completely  driven  out,  being  replaced  by  carbon  dioxide,  and 
this  operation  may  be  hastened  by  adopting  Bunsen's  sugges- 
tion of  placing  the  tube  in  connection  with  an  air-pump.  The 
combustion-tube  is  then  fitted  with  a  gas-delivery  tube,  in  order 
to  enable  the  products  of  combustion  to  pass  into  the  graduated 
cylinder  over  mercury  (Fig,  33).  When  the  whole  tube  has  been 
ignited,  the  gaseous  products  of  combustion  contained  in  the 
tube  are  driven  forward  by  the  evolution  of  carbon  dioxide  from 
the  material  placed  at  the  end,  the  whole  of  this  latter  gas 
being  absorbed  by  tho  caustic  potash  aolntion  contained  in  the 
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leceiver,  so  that  tbe  residual  gas  consists  of  pure  nitrogSD.  la 
Older  to  determioe  the  volume  of  this  latter,  the  measuriog 
tube  ia  withdrawn  from  the  mercury  by  means  of  a  small  dish 
filled  with  mercury  placed  underneath,  and  brought  into  a  high 
cylinder  filled  with  water.  The  dish  ia  then  removed,  and  the 
cylinder  allowed  to  remain  in  position  antil  it  has  attained  the 
temperatore  of  the  surrounding  air.  As  soon  as  the  level  of 
the  water  has  become  constant,  the  height  of  the  meniscus  is 
read  off,  and  from  this  the  volume  of  gas  determined. 


A  disadvantage  attaches  to  this  process,  inasmuch  as  in  the 
analysis  of  bodies  rich  in  carbon  it  may  easily  happen  that  a 
separation  of  carbon  takes  place,  which  may  still  contain  nitro- 
gen, Biod  if  this  be  deposited  on  the  upper  portions  of  the  com- 
bustion-tube or  on  the  metallic  copper,  it  cannot  bo  completely 
burnt.  In  addition  to  this,  some  quantity  of  carbon  monoxide 
may  possibly  be  formed. 

55  Simpion'i  Mtthod.^  This  method  ia  not  open  to  the  above 
objections,  and  yields  accurate  results.  It  ia,  in  fact,  a 
modification  of  Dumas'  method,  and  is  now  frequently  employed. 
For  the  purpose  of  evolving  carbon  dioxide.  Maxwell  Simpson 
recommends  the  nee  of  carbonate  of  manganese,  but  in  place  of 
this  it  is  more  convenient  to  employ  magnesite  in  lumps  about 
tbe  size  of  a  pea.  A  layer  of  about  10  centimetres  of  this  is 
placed  at  the  end  of  the  tube,  then  a  mixture  of  mercuric  oxide 
and  copper  oxide,  this  mixture  being  separated  from  the  mag- 
nesite by  a  plug  of  asbestos.     In  other  respects  the  tube  is 


1  ChMn.  Soc  Jaunt.  vL  SS9. 


)vGooi^lc 


72  ULTIMATE  OHGANIO  AKALYSia 

filled  as  deBciibed  under  Dumas'  meihod.  Tho  copper  spiral 
should  be  abuut  20  centimetres  in  lengtli,  for  the  purpose  not 
only  of  decomposiDg  the  whole  of  the  oxides  of  nitrogen  which 
are  formed,  but  also  to  absorb  any  excess  of  oxygen  which  m&y 
come  oC  The  portion  of  the  tube  containing  the  carbonate  ia 
first  gently  hnated,  and  as  soon  as  the  evolution  of  gaa  becomes 
rapid,  the  front  part  of  the  tube  containing  the  copper  spiral  is 
heated  until  all  the  air  is  driven  out  of  the  apparatus,  which  is 
readily  ascertained  by  collecting  the  gases  from  tjme  to  time  in 
a  test-tube  over  mercury  and  adding  a  email  quantity  of  caustic 
potash.  As  soon  as  the  absorption  ia  complete,  the  combustion 
may  be  proceeded  with.  The  further  end  of  the  tube  is  allowed 
to  cool,  and  the  tube  slowly  heated  from  the  front  towards  the 
back.  The  gases  evolved  are  collected  over  mercury  in  a  pear- 
shaped  vessel  (Fig.  34)  containing  caustic  potash.  Aa  soon  as 
the  whole  tube  is  red-hot^  and  no  further  evolution  of  gas  is 
noticed,  the  gases  contained  in  the  tube  are  swept  forward  by 
re-heating  the  carbonate  contained  at  the  closed  end.  The 
nitrogen  is  next  transferred  to  an  accurately  calibrated  eudio- 
meter, by  a  process  which  is  rendered  sufficiently  evident  by 

'  Fig.  35,  and  as  soon  as*  the  caustic  potash  solution  is  seen  to 
ascend  into  the  capillary  gas-delivery  tube,  no  more  mercury  ia 
poured  in,  and  thus  the  exact  volume  of  nitrogen  evolved  is 
brought  into  the  eudiometer, 

Zulkowsky'  has  recently  described  another  simpler  collecting 
apparatus,  which  avoids  the  use  of  mercury,  and  renders  it 
possible  to  work  rapidly.  It  consists  of  two  tubes  of  about  58 
centimetres  in  length  (a  and  B,  Fig.  36),  of  which  the  former 
is  graduated,  and  serves  fur  collecting  and  measuring  the  gas, 
whilst  the  latter  is  open  at  the  bottom,  and  serves  for  filling  in 
the  caustic  potash.  Both  tubes  are  held  by  means  of  supports 
(E|  and  e)  ia  a  vertical  position,  and  are  connected  with  one 
another  by  the  caoutchouc  tube.  Two  small  tubes  {e  and  c,) 
are  fused  on  to  thege  tubes.  The  first  of  these  ia  connected  by 
means  of  a  caoutchouc  tube  with  the  combustion-tube,  and  can 

.  be  closed  by  the  pinchcock  /.  The  second  small  tube  serves 
for  letting  out  the  caustic  potash,  and  is  also  furnished  with  a 
pinchcock  (e).  The  small  bulbs  ff  contain  a  few  drops  of  m^- 
cury,  and  serve  as  a  safety  valve,  in  order  to  prevent  the  caustic 
potash  solution  from  passing  back  into  the  combustion-tube  in 

I  JJMiffi  Atmalm,  dsziil.  SML 
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case  of  a  alow  evolution  of  gas.    When  a  nitrogen  determination 
has  to  be  made,  the  meaauring  tube  is  taken  out  of  the  clamp 


K,  and  brought  into  the  position  shown  in  the  right-hand  figure. 
Caastio  potash  is  then  poured  in,  and  if  the  caoutchouc  tube  h 
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be  wide  enongli,  this  readily  flows  down  bo  as  to  fill  the  whole 
of  the  tube.  The  appaiatua  is  now  connected  with  the  com- 
bustion-tube, and  the  binder  portion  of  that  tube  heated  so  as 
to  drive  out  the  air.    This  is  collected  in  the  measuring  tube, 


Fio.  S5. 


and  is  from  time  to  time  Bllowed  to  pass  out  by  bringing  it  into 
the  position  shown  at  the  right  hand  of  the  figure.  As  soon  as 
the  whole  of  the  air  has  beeu  driven  out,  the  combustion  ia 
carried  on  in  the  usual  way.  The  nitr<^n  is  collected  in  the 
measuring  tube,  and  the  caustic  potash  is  driven  into  the  second 
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tube,  bcm  whicb,  in  order  to  dinuDish  the  pressure,  it  is  from 
time  to  time  dravD  oS  Wlien  the  combustion  has  been  com- 
pleted, the  apparatus  is  disconnected  &om  the  combustion-tube, 
and  brought  into  a  situafion  where  the  temperature  is  tolerably 
constant,  allowed  to  stand,  the  temperature  of  the  caustic 
potash  then  determined,  and  the  level  of  the  liquids  in  the  two 
tubes  equalised  by  allowing  the  solution  to  flow  out  through 
the  tube  Cj.  The  volume  of  the  gas,  thus  placed  under  the 
atmospheric  pressure,  is  then  read  oS, 

In  some  rare  liases  the  formation  of  nitric  oxide  cannot  be 
altogether  avoided  in  Dumas'  proceES.  It  is  then  necessary  to 
collect  the  gas  over  ferrous  sulphate,  and  to  allow  for  the  volume 
of  this  gas  thus  absorbed.^ 

Several  suggestions  have  been  made  for  the  purpose  of 
determining  nitrogen  together  with  carbon  and  hydrogen  in 
a  single  combustion.  The  method  proposed  for  this  puipose 
I7  PflUger'  can  here  be  only  shortly  mentioned.  He  carries 
on  the  combustion  in  a  vacuous  space,  and  determines  gravi- 
metrically  the  quantity  of  water  formed,  whilst  that  of  the 
carbon  dioxide  and  nitrogen  is  ascertained  by  v<^umetiio 
measaremeiits. 


DETERMINATION    OP    CHLORINE,    BROMINE, 
AND   IODINE. 

56  These  elements  may  be  determined  easily  and  rapidly  by 
igniting  the  substance  with  pure  quicklime.  For  this  purpose, 
a  narrow  combustion-tube  about  45  centimetres  long  is  closed 
at  one  end,  and  into  this  some  quicklime  is  brought,  and  then 
the  substance  either  mixed  beforehand  with  lime  or  weighed 
out  in  a  small  bulb,  and  this  is  dropped  on  to  the  lime.  A. 
channel  is  next  made  at  the  top  by  tapping  the  horizontal  tube, 
and  then  the  mixture,  commendug  at  the  open  end,  is  heated. 
When  the  whole  has  been  ignited  and  allowed  to  cool,  the 
contents  of  the  tube  are  brought  into  a  flask  containing 
water.  Care  must  be  taken  that  the  material  is  not  thrown 
out  by  the  violent  slaking  of  the  lime.     The  whole  is  then 
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made  slightly  acid  with  dilute  nitric  acid,  and  the  tube  washed 
out  first  with  water  and  then  with  dilute  nitric  acid.  Aiter 
filtering  and  washing  the  residue,  the  halogens  are  precipitated 
by  silver  nitrate  in  the  slightly  acidified  solution. 

It  sometimes  happens  in  the  analysis  of  compounds  containing 
iodine  that  this  element  separates  out  on  the  addition  of  nitric 
acid.  In  this  cam  it  is,  therefore,  better  to  dissolve  out  with 
water,  to  wash,  and  to  add  silver  nitrate  to  the  filtrate,  and 
then  to  dissolve  out  the  residue  in  acid,  and  add  the  filtrate 
to  the  first  liquid. 

The  decomposition  of  very  volatile  bodies  which  contain 
chlorine  or  bromine  may  be  readily  effected  according  to  Firia's 
plan,  which  has  been  somewhat  improved  by  Hugo  Schift' 
The  substance  is  placed  in  a  small  platinum  crucible  with  a 
mixture  of  I  part  of  anhydrous  sodium  carbonate  and  from 
4  to  5  parts  of  lime.  It  is  then  covered  with  a  large  crucible, 
and  the  two  brought  into  such  a  position  that  the  small  crucible 
lies  in  the  large  one  with  its  mouth  downwards.  The  space 
between  the  two  crucibles  is  then  filled  up  with  the  alkaline 
mixture,  the  cover  placed  on  the  larger  crucible,  and  ihe  whole 
heated  to  redoess.  Substances  containing  iodine  cannot  however 
be  analysed  according  to  this  method,  as  calcium  iodate  is 
fonned,  but  the  determination  of  iodine  may  be  carried  out 
if  sodium  carbonate  alone  be  employed.  { 

57  Carivs't  Method.  In  this  method,*  which  is  applicable  to 
all  cases  in  which  the  haloid  element  is  eanly  removed,  the 
Bubatance  is  w^ghed  out  in  thin  glass  bulbs.  The  form  of  bulb 
for  solid  bodies  is  seen  in  Fig.  37,  whilst Fig.38  exhibits  that  in 
which  liquids  are  contained.  These  bulbs  are  then  brought 
into  a  glass  tube  half  filled  with  a  solution  of  silver  nitrate  in 
citric  acid  having  a  specific  gravity  of  12,  The  open  end  of 
the  tube  is  then  drawn  out  to  a  capillary  point  and  the  liquid 
boiled  until  all  air  has  been  expelled.  AAer  this  the  point  is 
fused  and  allowed  to  cool  (Fig.  39).  The  bulb  is  then  broken  by 
shaking  the  tube,  and  the  whole  heated  gradually  in  an  air-bath 
(Fig.  40),  to  a  temperature  varying,  according  to  the  nature  of 
the  substance,  from  150°  to  200°.  In  the  case  of  bodies  rich 
in  carbon  which  undergo  oxidation  with  difficulty,  nitric  acid 
of  specific  gravity  1*4  must  be  used,  and  a  small  quantity  of 
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potassium  dichromate  added.  As  soon  as  the  wbola  of  the 
organic  snbstance  baa  disappeared,  Uie  tabe  is  allowed  to  cool, 
the  capillary  end  ia  carefully  softeaed  in  the  gas-flame  so  that 


I 


a  very  small  opening  appears,  throagh  vhich  the  carhon 
dioxide  formed  is  allowed  to  escape,  but  bo  that  the  liquid 
is  not  thrown  forward.     The  haloid  salts  of  silver  which  are 


formed  in  this  decomposition  are  then  brought  on  to  a  filter, 
tt^ther  with  the  .  remains  of  the  glass  bulb,  and  these  are 
weighed  together. 
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DETERMINATION  OF  SULPHUR. 

58  For  the  purpose  of  detenniniog  sulphur  in  componnda 
vUch  are  not  volatile,  these  are  fused,  according  to  lAehig's  pro- 
posal/ with  caustic  potash  and  nitre  in  a  silver  basin,  and  the 
mass  allowed  to  cool  as  soon  as  it  has  become  white.  It  is  then 
dissolved  in  water,  acidified  with  nitric  acid,  precipitated  with 
barium  chloride,  and  the  precipitate  treated  in  the  usual  way. 

Volatile  sulphur  compounds  are  oxidiBed  by  a  method 
analogous  to  that  described  for  chlorine  compounds.  They  are 
placed  in  a  combustion-tube  with  a  mixture  of  sodium  carbonate 
and  nitre,  or,  according  to  Kolbe's*  process,  with  potasaum 
chlorate. 

Debus's '  method  may  also  be  employed,  in  which  a  mixture 
of  carbonate  of  soda  and  potassium  dichromate  is  used,  or  that 
proposed  by  Otto,  in  which  pure  cupric  chromate  is  employed. 
In  all  these  cases  sulphates  are  obtained,  and  their  amount 
determined  in  the  usual  way. 

Another  good  method  is  that  proposed  by  Kussell.*  In  a 
combustion-tube  closed  at  one  end,  irom  two  to  three  grams 
of  mercuric  oxide  are  brought ;  then  a  mixture  of  the  sub- 
stance with  mercuric  oxide  and  sodium  carbonate,  and  lastly 
only  the  latter  substance.  The  combustion-tube  is  then 
fiimiahed  with  a  gas-delivery  tube,  in  order  to  condense  the 
vapours  of  mercury  and  of  water,  and  the  combostion  is  carried 
on  as  usual  from  back  to  front  After  the  ignition  the  contents 
of  the  tube  are  thrown  into  water,  and  the  solution  acidified 
with  hydrochloric  acid.  In  order  to  ascertain  that  no  sodium 
sulphide  has  been  formed,  a  drop  or  two  of  mercuric  chloride 
is  added.  If  no  dark  precipitate  is  formed,  the  solution  is 
precipitated  with  sodium  carbonate. 

Lastly  a  method  has  been  suggested  by  Carius  depending  on 
the  fact  that  the  substance  can  be  oxidised  in  a  closed  tube 
with  nitric  acid,  sulphuric  acid  being  formed.  Sometimes  it  ia 
necessary  to  add  a  small  quantity  of  potassium  dichromate. 

>  nandmHrterbueti,  i,  S8T. 
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DETERMINATION  OP  PHOSPHORUS. 

59  Organic  substances  containiog  phosphorus  are  ignited  with 
Bodiuoi  carbonate  and  nitre  or  potassium  chlorate,  in  order  to 
form  a  phosphate,  'they  may  also  be  oxidised  with  fuming 
nitric  acid,  when  phoflphoric  acid  is  obtained.  According  to 
Cariua  a  useful  oxidising  mixture  is  sulphuric  acid  and  iodate 
of  silver,  the  tiro  being  heated  with  the  substance  to  180*. 
After  the  liquid  has  cooled  and  is  diluted  with  water,  it  ia 
filtered,  and  some  sulphurous  acid  added  to  the  filtrate,  in  order 
to  precipitate  anj  dissolved  eilver  iodate,  and  thus  a  solution 
of  phosphoric  acid  is  obtained,  which  (oa  in  the  other  cases)  ia 
determined  in  the  usual  way. 


DETERMINATION  OF  OTHER  ELEMENTS. 

60  In  order  to  determine  any  of  the  other  elements  (with 
the  exception  of  oxygen),  it  is  usually  necessary  to  ignite  the 
organic  substance  either  by  itself  or  mixed  with  nitre,  or  else  to 
destroy  the  substance  completely  by  heating  it  with  nitric  acid. 
Tho  clement  which  it  ia  then  desired  to  determine  is  brought 
into  solution  in  the  usual  way  and  determined  by  suitable 
methods. 

In  tho  case  of  salts  of  organic  acids,  the  metal  may  generally 
be  determined  aa  in  its  organic  compounds.  In  some  instances, 
indeed,  tho  method  employed  may  be  simpler.  This  is  the  case 
in  the  organic  compounds  of  gold,  platinum,  and  silver,  which 
only  reqoire  to  be  ignited  in  order  to  leave  the  metal  in  the 
pure  state  in  a  condition  in  which  it  may  be  weighed. 

The  salts  of  other  metals  leave  on  ignition  a  residue  of  oxide 
or  carbonate,  or  sometimes  of  tho  metal  mixed  with  carbon. 
These  are  then  brought  into  solution  and  determined  in  the 
usual  way. 
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DETERMINATION  OP  OXYGEN. 

6l  This  element  is  very  seldom  detennined  tJirecbly,  its 
amount  being  usually  obtained  idl«T  the  peicentt^  of  all  the 
other  elementa  has  been  determined,  for  if  these  numbers  do  not 
add  up  to  100,  the  difference  is  usually  taken  to  be  the  percent- 
age of  o^gen.  It  is  however  in  this  case  absolutely  oeCesBary 
that  we  should  know  positively  what  other  elementa  are  present, 
and  that  the  amount  of  each  of  these  should  be  determined  as 
accurately  as  possible,  for  if  one  be  overlooked,  the  results  of 
the  analysis  will,  of  course,  lead  to  totally  incorrect  formula. 

A  classical  example  of  this  kind  of  error  is  that  of  the 
analysis  of  taurine,  a  crystalline  compound  occurring  in  the 
animal  kingdom.  The  formula  C^H^NO^  was  long  adopted  as 
expressing  the  composition  of  this  substance,  until  Redtenbacher 
found  that  the  body  contained  sulphur.  The  reason  of  the  non- 
detection  of  the  sulphur  was,  that  both  in  constitution  and  in 
properties  taurine  differed  from  all  the  sulphur  compounds  then 
known.  Moreover,  the  apparent  truth  of  this  formula  could  be 
upheld  with  some  show  of  reason,  inasmuch  as  the  atomic  weight 
of  sulphur  is  double  that  of  oxygen,  and  when  the  amount  of 
the  sulphur  was  ascertained,  the  formula  of  the  substance  was 
shown  to  be  CjH^NGjS.  A  method  for  the  direct  determina- 
tion of  oxygen  is,  therefore,  much  to  be  desired,  not  only  for 
the  purpose  of  avoiding  errors  of  this  kind,  hut  also  because 
such  a  determination  would  serve  as  a  valuable  control  of  the 
correctness  of  the  analysis. 

Unfortunately,  none  of  the  various  methods  which  have  been 
as  yet  proposed  for  this  purpose  have  come  into  general  use, 
and  the  reader  is  referred  to  the  original  papers  in  which  these 
poposala  are  described.' 

CALCULATION  OF  ANALYSES. 

63  Fercentage  Composition.  When  a  substance  has  been  com- 
pletely analysed,  its  percentage  composition  is  calculated.  The 
following  examples  illustrate  the  nature  of  this  simple  operation. 

■  Wankljii  uitl  ¥nak,  Phil.  Mag,  [1]  xztL  EGl ;  BaiiTnhiiiicr,  ZeiuA.  anoL 
Chem,  ISM,  111 ;  Ludenlmt^  Ann.  C/iem,  Pluirm.  cxxxv.  1 ;  IliticherUch, 
Pogg.  Ann.  cxzx.  53A ;  Crctier,  Zeitieh.  anal.  Chem.  1874,  L 
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^cample  No.  I.  0*146  of  a,  volatile  liquid  burnt  with  copper 
oxido  yielded  0'449  of  carbon  dioxide  and  0*2135  of  water. 

Now  as  43 '89  parts  by  weight  of  carbon  dioxide  contain 
11-97  parta  by  weight  of  carbon,  and  as  these  numbers  stand 
almost  exactly  in  the  proportion  of  II  to  3,  the  quantity  of 
carbon  may  be  obtained  by  the  fraction — 

»■"»"''<"»  =83-87. 


0146  X  11 


For  the  purpose  of  obtaining  the  percentage  of  hydn^en  we 
have  the  following  expression : 

0-2135x100      ,„„^ 
0-146x9     -^g-^^- 

Hence  the  compound  is  a  hydrocarbon  having  the  compo- 
sitioi^— 

Carbon 83-87 

Hydn^en     ....     1625 

100-12. 

SaampU  No.  2.     0-2607  of  aurin,  a  red  colooring  matter, 
yielded  0'751S  carbon  dioxide :  and  0*1152  water. 
Hence  100  parts  contain 

Carbon 78*61 

Hydrogen     ....      4-01. 

But,  as  these  numbers  do  not  add  up  to  100,  and  as  the 
qualitative  analysis  has  shown  that  it  contains  nothing  but 
carbon,  hydrogen,  and  oxygen,  inasmuch  as  the  substance, 
when  heated,  yields  water  on  decomposition,  it  follows  that  the 
percentage  composition  is : 

Carbon 78-61 

Hydw^n      ....       4-91 
Oxygen 16-48 

10000. 

EamnpU  No.  S.  (1)  0-3827  of  caffeine  yielded  06948  of 
carbon  dioxide  and  0-1800  water.  (2)  By  Will  and  Yarrentrapp's 
method,  0*1350  of  caffeine  yielded  02750  of  platinum. 

It    has   already  been    stated   that  one    atom   of  ^tinum 
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correaponds  to  two  atoms  of  nitrogen,  aad  hence  the  percentage 
of  nitrogen  is : 

02750x28x100 
01350x196-7    =-'°-"'- 

If  now  the  amount  of  carbon  and  hydrogen  be  calculated 
from  the  above  analytical  results,  numbers  ate  obtained  irhich 
do  not  add  up  to  100,.and  as  no  other  element  can  be  detected, 
the  difference  between  the  amount  Uius  found  and  100  must  be 
the  quantity  of  oxygen  caffeine  contains.  Hence  the  percentage 
composition  of  the  substance  is : 

Carbon 4961 

Hydrc^^en      ....  5'22 

Nitrogen 28^9 

Oxygen 16*28 

10000. 

In  a  determination  of  the  nitrogen  contained  in  caffeine  ac- 
cording to  Liebig'a  relative  method,  it  was  found  that  the 
gaseous  mixture  consisted  of  one  volume  of  nitrogen  to  four 
volumes  of  carbon  dioxide.  Hence  caffeine  must  contain  one 
atom  of  nitrogen  to  every  two  atoms  of  carbon,  and  the 
percentage  of  nitrogen  is  found  by  the  equation : 

49-51  X  14 
24 

If  the  amount  of  nitrogen  be  determined  as  gas,  the  volume 
of  the  dry  gas  is  ascertained  at  0^  and  760'  from  the  well-known 
formula : 

r{p-f) 


-28-88. 


V- 


760(1  +  0-003665x0' 


when  /  signifies  the  tension  of  the  vapour  of  water.  As 
we  know  that  1  cba  of  nitrogen  under  the  above  conditions 
weighs  000125  gram,  it  is  easy  to  determine  the  weight  of 
nitrogen  contained  in  100  parts  of  the  compound. 


CALCULATION  OF  FORMULiE. 

63  Having  ascertained  the  percent^e  composition,  the  next 
point  to  determine  is  the  formula  of  the  compound.  In  the 
case  of  inoi^anic  compounds  the  numerical  reUtion  in  which 
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the  rarioua  constitaent  atoms  stand  to  one  another  can  be 
readily  ascert^ed.  la  the  case,  however,  of  tbe  much  more 
complicated  compoacds  of  the  organic  branch  of  the  science, 
this  cannot  be  so  readily  done.  Thos,  for  instance,  in  the  case 
of  caffeine  we  have : 


12 
5-22 


16 


5-22 


These  numbers  stand  in  the  relation  of  4,  5,  2,  1.  As,  how- 
ever, the  sum  of  the  monad  atoms  must  be  an  even  number, 
we  are  obliged  to  take  as  the  simplest  formula  CgH^N^O^ 

If,  according  to  the  same  plan,  we  calculate  the  formula  of 
the  volatile  hydrocarbon  whose  analysis  has  been  given  in 
Example  No.  I,  we  find  that  this  is  a  paraffin,  but  which  of  the 
paraffins  it  is  remains  doubtful,  for,  as  the  following  calcu- 
lated results  show,  this  compound  may  be  one  of  at  leant  three ; 
inasmuch  as  the  composition  of  each  of  these  bodies  does  not 
differ  from  that  of  tbe  other,  more  widely  than  the  results  of 
several  analyses  of  one  and  the  same  substance  are  ofben  found 
to  do. 

Hmudb.  EoptNia.  OetsiM. 

Carbon     .     .     8372  84-0  84-21 

Hydrogen     .     1628  16-0  15-79 

10000         10000  10000. 

Again,  in  other  cases,  analysis  gives  no  assistance  whatever  in 
the  determination  of  tbe  formula.  Thus,  for  instance,  a  very 
laige  number  of  different  fbrmuhe  may  be  found  which  will  agree 
sufficiently  well  with  the  experimental  results  in  tbe  case  of 
aorin  (Example  No,  2).    Of  these,  we  wUl  here  give  only  three : 


0„H,.0, 

C„H„0, 

0„H„0, 

Cubon     . 

.     78-78 

78-62 

78-53 

Hydrogen 

,       605 

4-83 

4-71 

Oxygen    . 

.    1616 

16-65 

16-76 
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Molecular  FormwliB.  It  is,  however,  not  necessary  merely  to 
determine  the  simplest  formula  of  a  compound,  but,  if  possible, 
its  molecular  formula,  and  this  can  readily  be  accomplished  if 
we  can  determine  its  molecular  weigbi. 

The  only  perfectly  reliable  method  for  this  purpose,  in  cases 
in  which  the  body  can  be  volatilised  without  decomposition,  is 
to  ascertain  its  vapour  density.  Hence  we  now  proceed  to 
describe  the  various  methods  which  have  been  employed  for 
this  purpose. 

DETERMINATION  OF  VAPOUR  DENSITY.  ' 

64  By  the  density  or  specific  gravity  of  a  gas  or  vapour  is 
meant  the  weight  of  a  given  volume  compared  with  the  same 
volume  of  air  taken  as  the  unit 

Two  methods  for  determining  vapour  density  were,  until 
recently,  in  common  use,  and  although  they  are  neither  of  them 
now  employed  in  organic  chemistry,  their  description  is  still  of 
interest  from  an  historical  point  of  view. 

The  principle  of  the  first  method,  which  we  owe  to  Gay- 
Lussac,*  consists  in  determining  the  volume  of  a  given  weight  of 
vapour;  whilst  that  of  the  second  method,  proposed  by  Dumas,* 
consists  in  the  determination  of  the  weight  of  a  given  volume  of 
vapour,  and  this  process  is  still  employed  for  determining  the 
vapour  density  of  difficultly  volatile  liquids.  Although  the  first 
is  the  older  of  the  two  methods,  the  second  or  Dumas'  method 
is  the  simpler,  and  it,  therefore,  will  be  first  described. 

Dumas'  Metkod.  A  thin  glass  bulb  or  globe  of  from  SOO  to 
300  cbc  capacity,  having  its  neck  drawn  out  and  bent  as  shown 
in  Fig.  41,  and  filled  with  dry  air,  is  carefully  weighed,  the 
temperature  of  the  balance-case  being  ascer- 
tained. A  quantity  of  the  liquid  under  ex- 
amination, varying  according  to  the  capacity 
of  the  globe,  is  then  introduced,  such  a 
quantity  bcii^  however  always  taken  that  the 
vapour  evolved  is  sufGcient  in  quantity  to 
expel  the  whole  of  the  air.  The  bulb  con- 
taining the  liquid  is  then  heated  in  an  iron 
Fio  41  vessel  which  is  filled,  according  to  the  vola- 

tility of  the  substance,  either  with  water,  oil, 
or  parafiSn  (Fig.  -tZ),  the  temperature  being  raised  to  a  point 

■  Biot,  TmiU  tit  Phyi.  I.  S91.  ■  .^wi.  CUm.  Pkyt.  {1S27)  xxiir.  SSS. 
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at  least  from  30*  to  50°  above  the  boiling-pomt  of  the  liquid, 
the  reason  for  this  precaution  being  that  vapours  obey  the 
laws  of  gaseous  expoDsion  and  pressure  more  exactly  at  tem- 
peratures considerably  removed  from  their  boiUDg-points  than 
at  lower  temperatures. 

When  no  farther  vapour  issues  from  the  drawn-out  point,  as 
may  be  seen  by  holding  a  flame  in  front  of  the  opening,  the 
capillary  tube  is  sealed  as  close  as  possible  to  the  surlace  of  the 
liquid.  At  the  same  time  the  temperature  of  the  bath  is  read 
off  by  means  of  a  thermometer  placed  in  the  heated  liquid  at  a 


height  corresponding  to  the  centre  of  the  globe.  The  globe  is 
next  removed,  carefully  cleaned,  and  again  weighed  when  cold, 
together  with  the  drawn-off  point.  It  is  then  only  necessary  to 
determine  the  volume  of  the  globe.  For  this  purpose  the  sealed 
end  is  broken  under  mercury,  and,  if  the  experiment  has  been 
successfully  carried  out,  the  whole  of  the  bulb  will  be  filled  by 
the  mercury  with  the  exception  of  the  small  volume  occupied  by 
the  condensed  liquid,  and  this  volume  is  usually  so  small  that 
it  may  be  disregarded.  If,  however,  it  is  desired  to  determine 
this  amount,  the  condensed  liquid  is  allowed  to  pass  into  the 
narrow  neck  of  the  bulb,  and  this  then  replaced  by  mercury.    In 
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case  the  whole  of  the  air  has  not  been  completely  removed  by 
the  vapour,  a  bubble  of  air  remains,  and  its  volume  may  be 
ascertained  by  passing  it  into  a  graduated  tube  over  mercury. 
To  determine  the  volume  of  the  mercuiy  contained  in  the  globe, 
it  13  poured  into  a  carefully  graduated  cylinder  or  else  weighed. 
This  weight  in  grams  divided  by  1359  gives  tbe  volume  of  the 
mercuiy  in  cubic  centimeters.  The  calculation  is  simple,  eqieci- 
ally  if  no  residual  air  occurs,  and  this  may  be  readily  avoid^  by 
talcing  enough  substance.  The  following  are  the  experimental 
data: 

Weight  of  the  globe  with  air  at  t*  =g. 

,  „  vapour  at  T''=G. 

Capacity  of  globe  .  =  (7. 

The  weight  of  the  vacuous  globe  is  found  from  the  following 
formula,  inasmuch  as  I  cbc.  of  air  at  0*  and  760*  weighs 
0-001293  grm.  The  height  of  the  barometer  may,  in  this  case, 
be  neglected,  as  the  variation  is  very  slight  during  the  progress 
of  the  experiment.  The  weight  of  the  air  contained  in  the 
globe  is : 

Cx  0001293 
1  + 0003665 x(  "*■ 

The  vacuous  globe  will,  therefore,  weigh  g  —  x,  and  that  of  tbe 
vapour  C  -  (ff  —  fc)  =  y.  We  have  now  to  find  what  on  equal 
volume  of  ak  at  tbe  same  temperature  wejgiis.  We  have  thus 
the  equation : 

Cx  0001293 
1  +  0  003665x1"**^ 

The  vapoiir  density  {D)  is  therefore : 
D-l 

X 

The  calculaliou  is  considerably  simplified  if  we  make  use  of  a 
table  showiug  the  weight  of  1  cbc.  of  air  at  different  tempera- 
tures. Tbe  following  table  is  sufficiently  accurate  for  ordinaiy 
use.  This  table  may  be  also  employed  in  the  calculation  of 
vapour  density  according  to  other  methods.  It  gives  the  value 
for  every  10";  the  intermediate  values  can  easily  be  obtained 
by  inteipolation. 
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0  . 

.  0001203 

10  . 

.  0001248 

20  . 

.  0001205 

30  . 

.  0-001165 

M  . 

.  0001128 

SO  . 

.  0001093 

60  . 

.  0001060 

70  . 

.  0001029 

80  . 

.  0001000 

00  . 

.  0000072 

100  . 

.  0-000946 

110  . 

.  0000021 

120  . 

.  0000808 

130  . 

.  0000376 

1«  . 

.  0000854 

150  . 

.  000083* 

100  . 

.  0000815 

170  . 

.  0000796 

180  . 

.  0000779 

190  . 

.  0000762 

200  . 

.  0-000746 

210  . 

.  0-000730 

220  . 

.  0-000716 

230  . 

.  0-000701 

240  . 

.  0-000688 

250  . 

.  0-000674 

200  . 

.  0-000662 

270  . 

.  0-000660 

280  . 

.  0-000638 

200  . 

.  0-000626 

300  . 

.  0-000616 

310  . 

.  0-000605 

320  . 

.  0-000695 

D^- 


Tbe  following  formula  maj  be  used  with  this  table : 
G-g+  Cni 
bnl'      ' 

The  following  example  serves  to  show  the  limits  of  error 
aocompanying  the  determination  of  Tsponr  density  by  this 
method. 

Example  of  Dumas'  Method.  A  volatile  hydrocarbon  (bexane, 
CgHiJ  of  the  paraffin  series,  of  which  the  analysis  hus  been 
given,  yielded  the  following  results : 

S    =23-449 
f   =15'-5 
a  "23-720 
J"- 110" 
G  =  178  cbc. 
The  density  calculated   from   these  numbers  is   t-^^^,  whilst 
that  required  by  the  formula  is  2*979. 

65  Gay-Luatae't  Method.  In  this  process  the  graduated  and 
calibrated  glass  tube  G  (Fig,  43)  is  employed,  iilled  with  mercury, 
and  placed  in  an  iron  vessel  containing  this  metal  The  sub- 
stance is  contained  in  a  very  thin  bulb  or  small  stoppered  tube 
of  known  weight  (Fig.  44} ;  this  is  then  filled  with  the  liquid, 
i^in  weighed,  and  then  passed  up  to  the  top  of  the  divided 
tube.    Surrounding  this  is  a  wide  glass  cylinder  open  at  both 


124 
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ends  and  filled  with  water.  The  iron  vessel  is  dow  heated  by  gas 
or  charcoal.  The  expansion  due  to  the  heat  either  causes  the 
bulb  to  burst  or  drives  the  stopper  out  of  the  tube,  and  the 
liquid  is  soon  thus  completely  converted  into  vapoXir,  To  effect 
an  equal  distribution  of  temperature  the  water  is  continually 
stirred.  As  soon  as  the  temperature  at  which  the  determina- 
tion has  to  be  made  is  reached,  the  volume  of  tJie  vapour,  the 
temperature  of  the  water,  and  the  height  of  the  barometer  are 
read  off;  whilst,  at  the  same  time,  the  temperature  of  the  air 
and  the  difference  between  the  height  of  the  mercury  inside  and 
outside  the  tube  are  ascertiuned. 


Example  of  Qay-£uasac's  Method.  A  determination  of  the 
vapour  density  of  pentane,  CgH,,,  made  by  this  method,  gav«  the 
following  results: 

Weight  of  pentane       .     ,     .     .     0101 
Temperature  of  air      ....     16° 
Temperature  of  vapour    .     .     .     91' 
Volume  of  vapour        ....     69'5  cbc 
.,'     Height  of  barometer  ....    752  mm. 
Difference  of  level 220  mm. 
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The  pressure  inside  the  tube  vas  conBequecUy  equal  to  that 
of  a  column  of  mercury  of  752°  mm,  at  16°  minus  that  of 
a  column  of  220°  mm.  at  91°,  In  order  to  be  able  to  subabact 
one  from  the  other,  these  values  must  first  be  reduced  to  the 
same  temperature.  As  the  co-efficient  of  expansion  of  mercury 
for  1°  is  000018,  the  heights  at  0°  will  be : 


1  +  (000018  X  16) ~ 

m =216-4. 

1  +  (0-00018  X  91) 

The  pressure  inside  tlie  graduated  tube  was  therefore : 

749-9  -  216-4  »  533-5. 

69-5  cbc.  of  pentane  weigh,  at  91°  and  under  a  preasuie  of 
533-5  mm.  of  mercury,  0-101  gram.  Under  the  same  conditions 
an  equal  volume  of  air  weighs : 

0-001293  X  59-5  X  533-5  _„.„iQ. 
760x1 +  (0-003665x91)" 

Hence  the  vapour  density  of  pentane  is ; 

-2:1^  =  2-493, 
00405  ' 

and  this  agrees  well  with  the  theoretical  value  2'494. 

Gay-Lussac's  method  possesses  the  great  advontagea  of  requir- 
ing very  small  quantities  of  the  substance,  and  of  enabling  several 
determinations  to  be  made  at  any  temperature  under  100°.  On 
the  other  hand,  it  is  not  well  adapted  to  the  case  of  substances 
possessing  high  boiling-points,  inasmuch  as  the  cylinder  must 
then  be  filled  with  oil  or  paraffin,  and  a  constant  temperature 
of  the  column  cannot  in  this  case  be  easily  attained.  Poisonous 
mercurial  vapours  are  also  given  off  during  the  process,  and 
this  renders  the  method  dangerous  in  the  case  of  bodies  re- 
quiring high  temperatures.  In  order  to  overcome  this  objection, 
Natanson  has  constructed  an  air-bath  in  which  only  the  upper 
part  of  the  tube  is  heated,  but  t^s  modificati<m  has  not  come 
into  general  use. 

66  Sofm/amait  Mdhod,  Hofmann '  conceived  the  happy  idea 
of  employing  a  wide  barometer-tube  in  place  of  the  short  tube 
used  by  Gay-Luesac,  and  of  beating  this  by  the  vapour  of  a 
>  BcT.  DeuUck.  CJum,  Ou.  L  193. 
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liquid  boiling  at  a  constant  temperature.  The  apparatus  is 
shown  in  Fig.  45.  The  graduated  barometer-tube  (a),  more 
than  1  meter  in  length,  is  filled  with  dry  mercury  and  placed  in 
a  mercurial  trough.  Outside  this  a  wide  glass  tube  (b)  is  placed, 
closed  at  its  upper  end  by  a  well-fitting  cork,  through  which 


the  tube  d  passes  for  the  entrance  of  the  heated  vapour.  The 
condensed  liquid  and  the  excess  of  vapour  pass  away  through 
the  tube  e  into  the  condenser  (j/).  A  very  small  stoppered 
bottle  whose  weight  is  known,  having  a  capacity  of  from  003 
to  01  cbc  (Fig.  46),  is  filled  with  a  known  weight  of  the  sub- 
stance.   The  bottle  thus  filled  is  passed  up  to  the  top  of  the 
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mercuty  in  the  barometer,  and  in  the  case  of  the  more  volatile 
liquids  this  usually  displaces  the  stopper  at  once,  and  in  other 
cases  it  is  easily  driven  out  when  the  substance  becomes  heated. 
The  copper  vessel  (/)  serves  to  contain  the  liquid  of  constant 
boiling-point,  and  b;  this  means  the  barometer-tube  is  easily 
brought  up  to  a  constant  temperature.  As  soon  as  the 
meniscus  of  the  mercury  is  seen  to  remain  unchanged, 
the  volume  of  the  vapour  and  the  height  of  the  mer- 
curial volume  are  road  off  by  means  of  a  pendulum 
cathetometer  (t).  In  many  cases  water  may  be  cm- 
ployed  as  the  heating  liquid,  inasmuch  as  the  vaporisa-  Fio.  ifl. 
tion  of  the  substance  takes  place  under  diminished 
pressure,  and  bodies  which  boil  up  to  180°  can  be  completely 
volatilised  at  100°.' 

For  the  purpose  of  determiuing  the  vapour  density  at  higher 
temperatures,  Hofmann  makes  use  of  the  following  substances : 
Boilinit-poiiit 

Aniline ISr'o 

Toluidine 202 

Ethyl  benzoate    ....     212 

Amyl  benzoate    ....     261. 
Of  course  other  bodies  may  be  employed  provided  their  boiling- 
points  do  not  lie  too  near  that  of  mercury. 

The  calculation  is  carried  out  in  a  similar  way  as  in  Qay- 
Lussac's  method,  but  inasmuch  as  the  lower  portion  of  the 
mercunal  column  is  not  surrounded  by  vapour,  two  calculations 
are  necessary  in  order  to  reduce  the  height  of  this  column  to  0°. 
In  addition  to  this,  the  tension  of  the  vapour  of  mercury  must  also 
be  taken  into  account  when  high  temperatures  are  necessary. 
For  this  purpose  the  well-known  table  of  Regnault  ^  is  employed, 
the  following  extract  from  which  is  sufficient  for  most  purposes : 


Tension  of 
V.pont. 

Temperatnie. 

Tendon  of 
V.po„. 

160* 
170 
180 
190 
200 
210 

6-9    mm. 

809 
1100 
1484 
19-90 
26-35 

220* 
230 
2« 
250 
260 
270 

34-70  mm. 
45-35 
58-82 
75-76 
96-73 
123-01 

1  SchiSder,  B^.  AudcA.  Chem,  Qa.  iv.  ITZ. 


'  Pm.  Mag.  W  xz.  SS7. 


1  Goo<^lc 


92  DETERMINATION  OP  VAPODB  DENSITY. 

67  Anotlier  great  improyement  suggested  by  Hofmann' is  that 
of  using  a  jAu.a  tube  instead  of  a  gmduated  and  calibrated  one. 
Not  only  ore  these  plain  tubes  cheaper  than  the  calibrated  ones, 
hut  they  are  also  much  loss  liable  to  fracture,  inasmuch  as  all 
glass  tubes  in  which  divisions  have  been  etched  are  liable  to 
crack  when  erposed  to  rapid  changes  of  temperature.  For 
this  purpose,  a  tube  as  cylindrical  as  possible  is  chosen,  and 
when  the  mercurial  column  has  become  stationary,  the  pendu- 
lum cathetometer  is  placed  in  position.  The  apparatus  is  then 
allowed  to  cool,  and,  after  removing  the  outer  glass  tube,  a 
slip  of  paper  is  placed  at  the  point  where  the  meniscus  stood. 
A^r  the  volume  of  the  vapour  has  been  thus  detennined,  the 
tube  is  dismounted  and  filled  with  mercury  up  to  the  mark,  and 
then  the  mercury  weighed  on  a  pair  of  common  scales  capable  of 
turning  with  half  a  grain.  From  the  weight  of  the  mercury 
the  volume  of  gas  in  cubic  centimeters  is  obtained. 

In  the  apparatus  above  described,  two  calculations,  as  we  have 
seen,  are  necessary  in  order  to  obtain  the  height  of  the  mercury 
at  0°.  This,  however,  does  not  give  a  strictly  correct  result, 
inasmuch  as  the  column  of  mercury  which  is  not  surrounded  by 
vapour  does  not  possess  the  same  temperature  throughout  its 
length.  The  temperature  of  that  portion  near  the  cork  is 
necessarily  higher  than  that  of  the  air.  In  cases  where  the 
temperature  is  not  high  this  difTereoce  is  of  little  moment,  but 
at  a  high  temperature  it  may  become  of  consequenca  In  order 
to  avoid  this  errof,  "Wichelhaus*  has  proposed  to  substitute 
Hofmann's  barometer-tube  by  a  syphon  barometer.  The  ap- 
paratus, however,  thus  becomes  much  more  complicated  and 
liable  to  fracture;  moreover,  the  height  of  the  outside  tube 
requires  to  be  greater,  and  this  necessitates  the  employment  of  a 
larger  quantity  of  vapour  in  order  to  obtain  a  constant  tempera- 
ture. Another  disadvantf^e  involved  in  the  employment  of  a 
sypboo  barometer  is  that  only  one  e:iperimeat  can  be  made 
with  the  same  material,  for  when  the  tube  cools,  air  enters  into 
the  vacuous  space.  By  the  use  of  a  straight  tube,  on  the  other 
hand,  the  volume  of  the  vapour  may  not  only  be  redetermined 
at  the  same  temperature,  hut  its  volume  at  different  temperatures 
may  be  ascertained. 

Hofmann  has,  therefore,  improved  his  apparatus  by  allowiug 
the  outer  tube  to  dip  into  the  reservoir  of  mercury  at  the  bottom, 
a  small  tube  being  sealed  on  at  a  distance  of  firom  2  to  3  mm. 

I  Btr.  DtulKh.  Chtm.  Get.  ix.  MOi.        ■  Ber.  DiuttA.  Chan.  On.  Ui.  168. 
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from  the  sur&ce  of  the  tnercuty,  hy  means  of  which  the  excess 
of  vapour  and  products  of  condensation  can  he  withdrawn. 

Lastly  he  obtained  the  same  result  in  a  still  simpleT  manner. 
The  harometer-tuhe  stands  upon  a  thick  plale  of  caoutchouc  lying 
nt  the  bottom  of  the  mercurial  trough,  and  this  plate  is  fastened 
to  an  iron  disc  fuiiushed  with  a  handle  which  is  bent  so  as  to 
come  oat  of  the  mercury.  In  one  side  of  this  plate  a  groove  is  cut 
by  means  of  which  the  mercury  in  the  tube  is  brought  in  contact 
with  that  in  the  trough.  When  the  vapour  passes  through  the 
outer  tube,  which  only  needs  to  he  40  cm.  longer  than  the 
barometrical  column,  tlM  mercury  which  it  contains  flows  out 
ioto  the  trough,  and  as  soon  as  the  volume  of  the  vapour  has 
become  constant,  the  caoutchouc  plate  is  pushed  hack  so  that 
the  mouth  of  the  tube  is  cloeed,  and  thus  the  mercury  in  the 
tube  is  separated  completely  from  that  in  the  trough.  This  is 
done  by  means  of  the  handle,  so  that  the  level  of  the  mercury 
remains  unaltered.  As  soon  as  the  cathetometer  has  been  placed 
in  position,  the  whole  is  allowed  to  cool,  and  the  height  of 
the  mercury  is  determined  at  the  temperature  of  the  air,  the 
calculation  being  then  carried  out  as  already  <lescribed. 

Further  modifications  of  the  apparatus  have  been  made  by 
J.  W.  Bnihli  and  C.  Engler.* 

As  the  substances  emjdoyed  for  the  preparation  of  vapour  at 
higher  temperatures  %haa  the  boUing-point  of  aniline  are  costly, 
it  became  advisable  to  use  as  small  a  quantity  of  these  as 
possible.  This  is  arrai^ed  for  by  Hofmann,'  inasmuch  as  the  con- 
densed liquid  is  allowed  to  run  hack  again  into  the  boiler.  By 
means  of  such  an  arrangement  a  constant  temperattire  can  be 
attained  in  from  twenty  to  twenty-five  minutes  and  maintained 
for  several  hours,  with  a  volume  of  from  100  to  150  cbc.  of  liquid. 
As  an  ffiuunple  of  the  calcuUUon  in  Hofmann's  method  we 
may  take  the  vapour  density  determination  of  ethyl-propinyl 
ether,  CsHgO : 

Weight  of  substance,  0'0318  -  ,Sf. 

Volume  of  the  vapour,  52-6  cbc.  =». 

Temperature  of  the  vapour,  100°  =  J*. 

Temperature  of  the  air,  15°  —  t. 

Height  of  barometer,  752°'5  mm.='ff. 

Height  of  mercurial  column,  484  mm.  —  h. 

Reduced  pressure,  275  mm.  =  h'. 
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Hence  the  vapour  density  is  obtaiaed  by  the  following 
formula : 

gx760x(278  +  r) 
0001293  X  273  xrxd"* 

FoQud.  Cdeiilated. 

2-881  2-909. 

Hofmaou's  method  soon  almost  entirely  superseded  the  two 
older  methods,  Dumas'  being  employed  only  for  the  determination 
of  the  vapour  density  of  substances  which  have  a  high  boiling- 
point,  and  for  this  purpose  improvements  were  made  in  the 
method  byTroost  and  Deville,^  a«  well  as  by  Bunsen,*  Dumas' 
method  is  also  subject  to  the  serious  disadvantage,  that  the 
greater  portion  of  the  material  employed,  frequently  more  than 
3  grams,  is  lost  dunng  the  operation,  and  this,  in  the  case 
of  expensive  preparations,  is  a  matter  of  serious  inconveni- 
ence. In  order  to  overcome  this  difficulty,  various  suggestions 
have  been  made,  by  means  of  which  the  escaping  vapours  could 
he  caught  and  condensed,  but  this  leads  to  complications  which 
destroy  the  simplicity  of  the  method. 

Habermann  *  has  lately  made  another  suggestion.  He  con- 
nects the  fine  neck  of  the  globe  with  a  Bunsen  filter-pump  in 
order  to  produce  a  vacuum,  whereby  the  substance,  as  in 
Hofmann's  method,  boils  at  a  lower  temperature.  By  this 
method  not  less  than.  I  gram  of  the  substance  must  be  em- 
ployed, and  this  can  readily  be  condensed  in  a  bulb-tube  placed 
between  the  globe  and  the  pump.  By  this  means,  however, 
Habermann  has  only  been  able  to  determine  the  vapour  density 
of  such  substances  as  boil  below  250°. 

68  Victor  Meyer' B  Methods.  Method  No.  1,  Victor  Meyer  *  has 
recently  worked  out  a  plan  by  means  of  which,  without  em- 
ploying a  greater  quantity  of  the  substance  than  that  used 
in  Qay-Lussac's  or  Hofinann's  process,  the  vapour  density  of 
high  boiling  bodies  may  be  determined  at  a  temperature  of 
448°,  the  boiling-point  of  sulphur.  He  empbya  Wood's  fusible 
metal  as  the  liquid  over  which  to  collect  the  gas,  and  makes  use 
of  the  bulb-tube  shown  in  Fig,  47.  In  carrying  out  the  ex- 
periment,  about   50   mgrm,   of  the  Bubstauce  are  allowed   to 

'  Ann.  Chim.  Phyi.  [3]  iviii.  aBT. 
>  ^nii.  Chtm.  Pkarm.  cxli.  £73. 
*  LUIriin  Annaim,  clizKTii.  841. 
«  Bar.  DeulKi.  O^m.  Oei.  If76,  ii.  1218. 
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vaporise  in  a  vessel  completely  filled  viith  the  liquid  alloy,  the 
volume  of  vapour  being  ascertained  from  the  weight  of  the 
metal  which  flows  out.*  A  substance  which  is  solid  at  the 
ordinary  temperature  is  weighed  out  in  a  short  glass  tube 
sealed  up  at  one  end,  Fig.  46  (a),  whilst  liquids  are  enclosed  in 
small  stoppered  bottles,  which  differ  from  those  used  by  Hofoiann 


Fio.  IB  (a). 

I 


Fio.  U  (b). 


by  being  slightly  curved  in  order  that  they  may  more  readily 
pass  up  into  the  bulb-tube.  Fig.  48  (6).  The  whole  apparatus  is 
then  heated  to  100°,  and  afterwards  placed  on  a  large  balance 
and  weighed  to  within  a  decigram. 

The  apparatus  must  then  be  heated  iu  the  vapour  of  sulphur. 
This  is  accomplished  in  a  cast-iron  crucible  of  400  cbc.  capacity, 
which  is  loosely  covered  (Fig.  49).  The  cnicible  contains  from  120 
to  130  grams  of  sulphur,  and  is  heated  by  means  of  a  powerful 
burner.  After  about  twenty  minutes,  when  tbe  sulphur  is 
boiling  rapidly  and  the  current  of  vapour  passes  out  between  the 
cover  and  the  crucible,  the  boiling  is  allowed  to  go  on  for  about 
four  minutes,  the  burner  then  turned  out  and  the  bulb-tube 
lifted  out  of  tbe  crucible.  The  vapour  contained  in  the  bulb 
at  tbe  moment  the  bulb  is  withdrawn  from  the  crucible  is 
under  tbe  prcEsura  of  the  atmosphere  plus  that  of  the  short 
column  of  fuable  metal  in  the  bent  tube.  The  height  of  the 
column  has  therefore  to  be  ascertained.  For  this  purpose  a 
finely  drawn-out  glass  tube,  having  a  drop  of  sealing  wax  at  the 


•  SimiUr  melhods  for  lower  tempeTBtDrM,  by  making  mo  of  mercury,  hod  been 
formeriy  sngf^tcd  :  Hofmunii,  Ann,  Ohem,  PAarm.  Snppl.  i.  10  ;  Wertheim, 
ibid,  cuili.  173 ;  cixyii.  81  ;  cm,  288 ;  W.  MarshaU  Wntbi,  laixinUory,  i.  226. 
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end,  is  brought  on  to  the  glass  at  the  height  of  the  meniscuB  in 
the  inner  tube.  This  leaves  a  mark  by  means  of  which  the 
height  can  be  ascertained.  For  the  sp«:ial  precautions  which 
the  author  recommends,  the  original  paper  most  be  referred  to. 


The  following  funuula  serves  for  the  calculation :  ^ 

g»t760(H-0-00866Sxj<Bl 

^0-0Oim[/-  +  !ri[(jf^  +  ^JU+  8«  xOO000503)-^-Z_j 

By  collecting  the  constants,  we  obtain  the  equation : 
jj    gX  1543500 , 

1  Btr.  DtutatA.  Cton.  Ou.  z.  2070. 
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la  these  formulae : 

;Ss  Weight  of  the  substaace. 
P  =  Height  of  barometer  reduced  to  0". 
p  =  Pressure  of  column  of  metal,  which  ia  two- 
thirds  that  of  mercury. 
a  =  Weight  of  alloy  employed. 
9-608  =  Specific  gravity  of  alloy  at  100°. 
9  158  =  Ditto  at  448". 

2  =  Weight  of  mercury  contained  in  small  bottle. 
r  —  Weight  of  the  remaining  alloy. 

As  the  tube  containing  the  substance  is  very  small,  i;  may 
be  neglected. 

The  vapour  density  of  methyl-authraceue,  a 
body  boiling  at  a  higher  point  than  mercury,  was 
thus  ascertained : 

S=      0-0360. 
a  =  283-33. 
T  - 168-9 
P- 722-5  mm. 
p  ^   3i*0  mm. 

Foand.         Caleiilated. 
Vapour  density  .     .      6-57  6-63. 

6g  Method  No.  2.    lu  order  to  determine  the 
vapour  density  of  bodies  boiling  below  a  tempera- 
ture of  350*,  v.  Meyer'  has'  proposed  a  method 
by  means  of  which  the  molecular  weight  may  be 
determined  with  great  simf^otty  and  ease.     The 
vessel  in  which  the  substance  is  placed  is  filled 
with  mercury,  as  shown  ia  Fig.  50.      It  is  made       Sm.  so. 
of  thin  glass,  and  has  a  capacity  of  35  cbc.    This 
is  filled  according  to  the  method  already  described,  but  at 
the   ordinary  temperature,   at   which   it  is   weighed.      It    is 
then  hung  by  a  thin  wire  in  the  boiling  flask  (Fig.  51),  the 
neck  of  which   being  long  does   not   require  any  condensing 
arrangement,   and  it  is  then   heated   to  the   boiling-point   of 
water,  aniline,  or  any  other  higher  boiling  liquid.     When  no 
more  mercury  is  seen  to  flow  out,  the  apparatus  is  removed  and 

>  Ber.  Deulxh.  CKem.  Oe».  1877,  ii  2068. 
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after  cooliDg  weighed  s^n.     In  order  to  determine  the  exceas 
of  pressure  in  the  side^tube,  the  capillary  tube  is  opened,  and 


the  vhole  is  filled  with  mercury,  and  the  point  marked  oa  the 
wider  tube. 
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In  the  calcnlatioD  the  Allowing  data  are  required : 
<?  =  Weight  of  substance, 
r— Temperature  of  vapour. 
t  —         „        „        air. 
P=  Barometric  pressure  reduced  to  0'. 
p  —  EzcesB  of  pressure  in  the  side-tube. 
t  =  Teusion  of  mercury  vapour, 
a  =>  Weight  of  mercury  employed. 
r  =  Weight  of  remaining  mercury, 
q  =  Weight  of  mercury  contained  in  the  small  bottle. 

The  last  number  is  required  only  in  very  exact  determinations. 
The  calculation  is  effected  by  the  following  formula  : 

(>+P  -tjo-wiMe  ({a+ajin-ooouowrtir-ii)-  r  (1  +  odmiiii[7-i])J(IxH)onsu 
13 -S!)  is  the  specific  gravity  of  mercury  at  0°, 
0-0000303  is  the  coefficient  of  expansion  of  glass. 
OOOOIS  ditto  of  mercury,  which  above  240°  rises  to 
0 -00019. 

The  constants  in  the  above  formula  are : 


0001293 

The  temperature  of  the  vapour  does  not  need  to  be  deter- 
mined, as  the  boiling-point  of  the  liquid  employed  is  known. 
In  the  case,  however,  of  bodies  whose  boiling-points  approach 
that  of  mercury,  it  is  necessary  to  determine  the  temperature,  as, 
according  to  the  recent  experiments  of  Naumann,  it  appears 
that  the  boiling-points  of  liquids  which  are  not  miscible  undergo 
considerable  depres^on.  Thus  he  finds  that  diphenylamine, 
which  boils  at  a  temperature  of  310°  by  itself,  boils  at  290** 
when  mixed  with  mercury. 

The  vapour  density  of  benzoic  acid  was  in  this  way  deter- 
mined in  the  vapour  of  diphenylamine  with  the  following 
results: 


-5-0-0603. 

^  =  21  mm. 

a  >  4717  grams. 

2-=  290°. 

T  =    QQ-4,  grams. 

(  =15°-2. 

q  -        1  gram. 

s  =  165  7  mm. 

i*- 726  mm. 

Found.              OJcnkted. 

Vapour  density    .     .     . 

.     .     4-20                 4-22. 
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70  Method  No.  3.  Victor  and  Carl  Meyer'  li»ve  recently 
described  an  easy  method  for  determining  the  vapour  density  of 
bodies  of  low,aa  well  as  those  possessing  a  very  high,  boiling-point. 


This  13  especially  valuable  for  bodies  boiling  above  448°,  and  for 
such  as  attack  mercury  or  fusible  metaL     The  temperature  to 


'  Iter.  DeuUck.  ChtiH.  Get.  IB78,  ii.  226*. 
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whict  the  vapour  is  heated  does  not  require  to  be  determined,  nor 
is  it  necessaiy  to  know  the  volume  of  vapour  at  that  tempera- 
ture, as  both  of  these  values  are  eliminated  in  the  eKpression 
for  the  den^ty.  The  only  observation  which  is  required  is  the 
volume  of  the  vapour  in  the  form  of  its  equal  volume  of  air 
measured  at  the  atmospheric  temperature.  The  apparatus  is 
shown  in  Fig.  52.  It  consists  of  the  boiling  flask  c,  in  which  is 
placed  the  glass  6,  having  a  capacity  of  about  100  cbc.;  and  on 
to  this  is  fused  a  tube  600  mm.  in  length,  closed  with  a  caoutchouc 
stopper  ((f),  and  furnished  with  a  short  capillary  gas-delivery 
tube  (a).  The  substance  employed  for  beating  purposes  may 
be  any  of  those  already  mentioned. 

If  it  be  necessary  to  work  at  a  temperature  above  31 0°,  a  bath 
of  molten  lead  (Fig.  53)  is  employed,  which  can  be  heated  to  a 
temperature  sufficiently  high  for  the  complete  volatilisation  of 
the  substance.  This  point  is  easily  ascertained  by  dipping  a 
thin  tube  containing  a  small  quantity  of  the  body  into  the  lead 
and  seeing  whether  it  boils  quickly.  The  experiment  is  com- 
menced by  heating  the  empty  vessel  b  (at  the  bottom  of  which 
a  small  plug  is  contained)  in  tho  long  tube  or  in  the  lead  bath. 
The  tube  is  closed  by  the  stopper  d,  and  the  gas-delivery  tube 
dips  in  the  water  of  the  trough.  As  soon  as  the  temperature 
becomes  constant,  and  when,  therefore,  no  further  evolution  of 
ur  is  observed,  the  stopper  is  quickly  removed,  and  a  weighed 
quantity  of  the  substance  (such  in  amount  that  its  vapour  does 
not  occupy  more  than  half  the  volume  of  the  vessel  b)  thrown 
in  and  the  cork  quickly  replaced,  the  graduated  cylinder  filled 
with  water  having  been  placed  over  the  end  of  the  gas-delivery 
tube.  The  substance  at  once  evaporates,  and  in  fifteen  seconds 
displaces  its  own  volume  of  air  which  collects  in  the  cylinder. 
As  soon  as  no  further  bubbles  are  emitted,  the  tube  is  removed 
into  a  larger  cylinder  filled  with  wat^,  the  levels  of  the  liquids 
brought  to  the  same  point,  and  after  a  time  the  volume  of  the 
air  read  off,  the  temperature  of  the  water  and  the  height  of  the 
barometer  being  at  the  same  time  observed.  These  observations 
yield  snfficient  data  for  the  calcuktion : 

8  -■  Weight  of  substance. 

t  «=  Temperature  of  the  water. 

£=  Barometric  pressure  reduced  to  0°. 

w  -  Tension  of  vapour  of  water. 

F=  Volume  of  air. 
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Ifti  DETERMINATION  OF  VAPODR  DENSITY. 

The  vapour  density  is  calculated  hy  the  formula : 

5X760  (1  +  0  0036650 
(B-io)  rx0001293' 

or,  by  collecting  the  constants : 

ft  (1+ 00036651) X 587780 

As  examples  we  may  quote  the  followiag : 

(1)  Chloroform,  CHCl,,  in  water  vapour. 

S  -  01008       t  -  W-5      5=  707-5  mm.       V=  22  cbc. 

Calcol&ted.        Fonud. 
Vapour  density      ,     .     4*13  413. 

(2)  Benzoic  acid,  C,H,Oj,  ia  dipheoylamine  vapour. 

8  -  00855       ( ■=  ir      B='  717-8  mm.       V  - 17-8  chc 

C>lmUt«d.         Found. 
Vapour  density      .     .     4-22  4'24. 

(3)  Diphenylamine,  CijH^N,  in  lead  bath. 

S-  00905      *  =  ir     .»=  714-8  mm.      F-=  13-6  chc. 

Calculated.         Fonnd. 
Vapour  density .     .     .     583  602. 

The  same  experimenters  have  employed  this  method  for  the 
determination  of  the  vapour  density  of  inoi^nic  compounds 
which  volatilise  at  a  red-heat  or  even  at  a  higher  temperature. 
For  this  puipose  the  glass  vessel  is  replaced  by  one  of  porcelain 
or  platinum  heated  in  a  suitable  gas-furnace.* 

The  literature  of  the  subject  must  be  referred  to  for 
further  information  respecting  the  subject  of  vapour  density 
determination.* 


>  Btr.  DaOtdt.  Chtm.  Oa.  1879,  1112. 

'  Grabowski,  Ann.  Chen.  Pharm.  ciiiTiiL  \li  ;  Landolt,  Ber.  SeiOaeh.  Chan. 
Ott.  Y.  497  ;  Qoldschniidt  and  CUniiciaD,  ibut.  x.  til ;  Rotmnai,  ibid.  U.  SS2 ; 
zi.  1684  i  Pfsandlsr,  ibid.  xii.  US. 
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MOLECULAB  FOHMttL^  OF  VOLATILE  BODIES. 


DETERMINATION  OF  MOLECULAR  PORMUL/B. 

71  (a)  Molecular  Formiike  of  Volatile  Bodies. — When  the  per- 
cent^e  comp(sitioa  and  the  vapour  density  of  a  compound  are 
known,  the  molecular  formula  can  be  readily  ascertained. 
Hydrogen  is  14'435  times  lighter  than  air,  and  hence  the 
molecular  weight  of  a  substance  is  obtained  by  midtiplyiog 
its  vapour  density  by  twice  I4i'435. 

Example  No.  1.  Thus,  for  instance,  the  molecular  weight  of 
the  above-mentioned  paraffin  is  2*986  x  28*87  =  86*2,  w  in  round 
numbers  86.  Now,  as  the  percentage  composition  of  this  body 
is  known,  the  amount  of  carbon  and  hydrogen  contained  in 
86  parts  can  be  readily  found. 

83^^^.7213  mbon. 

^^•^^^^^  _  13.97  hydrogea 
100 
If  ve  divide  the  numbers  thus  obtained  by  the  atomic 
weights,  we 'find  that  the  hydrocarbon  is  hexane,  CjH„.  The 
want  of  exact  agreement  between  the  numbers  thus  obtained 
and  those  calculated  from  the  formula  is  explained  by  the  feet 
that  the  above  numbers  contain  the  experimental  errors  due 
both  to  the  analyas  and  to  the  vapour  density  determination. 
Thia  error  may  be  partially  eliminated  if  we  compare  the 
theoretical  composition  and  vapour  density,  directly  with  the 
nombers  found  by  experiment : 

Found.        Calcnkted. 

Carbon 83*87  83*72 

Hydrogen.     .     .     .     16*25  16-28 

10012  100-00 

Vapour  density  .    .    2*986  2*979. 

The  numbers  thus  found  are  seen  to  agree  well  with  the 
calculated  values. 

Example  JVb.  2.  Methyl-anthracene  gave  on  analysis  the 
following  percentage  composition : 

Carbon 9392 

Hydrogen 6*23 

100*15. 
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Its  vapoor  density  is  6*57,  &nd  hence  its  molecular  weight 
is  190,  and  the  amount  of  carbon  and  hydrogen  coatained  in 
190  parts  is: 

Carbon 1785 

Hydrogen     ......       US. 

These  numbers,  divided  by  the  ajqvozimate  atomic  weif^ts, 
giTe: 

i^-U-9 

^  =11-8. 

flhowiog  that' methyl  aathiacene  possesses  the  formula  C„H,y 
This  coiresponds  to  a  theoretical  vapour  deosity  of  6  63,  and 
a  perceotage  compositioa  of: 

Oarhon 93'76 

Hydrogen 6*25 

10000. 

Example  No.  3.  As  a  last  example  of  this  kind  we  may  tahe 
ethyl  propenyl  ether,  whose  yapour  density  determination  has 
heen  already  giyen.    Ultimate  analysis  gave : 

Carbon 71-26 

Hydrogen 9'5S 

Oxygen 1919 

10000. 

Its  molecular  weight  is  28-87  >c  2-895  =  83-6. 

836x71-26     „„      , 
jjjjj =  59-60  carbon. 

83-6x9-56        _.. ,    . 
jjj—     -  7-98  hydrogen. 

83-6x1919     ,,„ 

J55 16-0  oiygea 

Hence  the  molecular  formula  is  C^HgO,  and  this  corresponds 
to: 

C,        60        71-43 

I^         8  9-53 

0         16        19-0« 

100-00. 
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7a  (b)  MoUeular  FormvicB  o/Aetds.  Many  carbon  compoimda 
ant  acids  whose  molecolar  weight,  whether  they  be  voUtile 
or  not,  may  be  readily  aacertained  by  detenmning  in  the  first 
place  whether  the  acid  is  monobauc  or  polybasic,  asd  then 
analysing  one  of  its  salts.  As  a  rule  the  silver  salts  are 
employed  for  this  purpose  because  they  are  easily  obtained 
anhydrous  and  in  the  pure  state,  and  because  they  leave  a 
residue  of  pure  silver  on  ignition. 

Example  No,  i.  The  composition  of  monobasic  melissic  add, 
according  to  analysis,  is  as  follows  : 

Carbon 79-61 

Hydrogen 13-48 

Oxygen 691 

100-00. 

IgniUoQ  of  the  silver  salt  showed  that  it  contained  19'3  per 
cent  of  silver.     Eedce  the  molecular  weight  of  this  salt  isi 

100  X  107-7     „„ 

This  salt  differs  from  the  &cid  hj  coniaioiDg  one  atom  of 
Bilver  in  place  of  one  atom  of  liydrogen.  Hence  the  molecular 
weight  of  the  acid  is : 

(558- 107-7)+ 1-451-3. 

or  the  even  number  452  may  he  taken  as  representing  the 
molecular  weight  of  the  acid.  The  weight  of  carbon,  hydrogen, 
and  oxygen  contained  in  the  molecule  will  then  be  lespectively: 

79-16  X  452 

100      -•>»'». 

13-48  X  452       „  . 

100     -  «"■«• 

6-91  X  452 

100 


31-a 


Hence  the  formula  is  C^gH^Oj,  and  this  gives : 

0„           360  79-61 

H^             60  13-28 

O,             J2^  7-08 

452  100-00. 
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The  calculated  percentage  of  silver,  namely,  If)'28,  in  the 
above  salt,  i^rees  with  that  which  has  already  been  described. 

ExampU  No,  5.  Analysis  of  silver  benzoate  gave  the  following 
reBults: 

Carbon 3668 

Hydrogen 219 

Silver 47-16 

Oxygen 13-97 

100-00. 

Benzoic  acid  is  likewise  monobasic,  and  the  molecular  weight 
of  its  silver  salt  as  calculated,  as  in  the  last  example,  is  228-4, 
that  of  the  acid  being  120-7..  If  the  quantities  of  the  various 
elements  contained  in  228-4  parts  of  the  salt  be  next  calculated, 
the  formula  C^HjAgOj  is  obtained.  Hence  the  acid  is  C,H,Oy 
as  is  shown  by  the  following  comparison  of  the  theoretical  with 
the  analytical  results : 

Cilciilated.  Fonnd. 

C^                84            36-73  36-68 

Hj                 5              2-19  £-19 

Ag             107-7         47-09  4716 

O,                32            13  99  13-97 

100-00  100-00. 

Example  No.  6.  Meconic  acid,  a  compound  found  in  opium, 
is  a  polybasic  acid.  On  adding  silver  nitrate  to  its  aqueous 
solution,  a  white  silver  salt  is  precipitated,  but  when  the  same 
reagent  is  added  to  a  solution  of  the  acid  previously  neutralised 
by  ammonia,  a  yellow  silver  salt  is  obtained.  The  composition 
of  the  acid  and  of  the  two  silver  salts  is  found  by  experiment 
to  be: 

Hecoma  WMte  Silver  TbUow  Silvsr 

Add.  S&lk  Salt. 

Carbon  .     .     .     42-0  202  15-9 

Hydrogen    .     .       20  O'S  02 

Oxygen  .    .    .    56-0  270  21 9 

Silver     ...       —  52-3  620 

100-0  100-0  1000. 

If  in  the  first  analysis  the  numbers  be  divided  respectively 
by  the  atomic  weights  of  the  elements,  we  obtain  the  following 
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relation  between  the  aamber  of  atoms  of  the  constituents  of 
the  acid ; 

j-5.35. 

The  most  simple  formula  of  meconic  acid  deduced  from  tliese 
numbers  is  C^H^Of,  but  whether  this,  or  a  multiple  of  it,  ex- 
presses the  molecular  weight  cannot  be  decided  b;  the  reaulta 
of  analysis.  In  the  two  salts  different  quantities  of  hydrogen 
are  re[Jaced  by  silver.  The  white  salt  contains  for  every  seven 
atoms  of  carbon ; 


20-2 
— g..g-  —  217"0  parts,  or  2  atoms  of  silver. 

In  the  yellow  salt  we  find : 

-  ^-.Q       =  1*05  part,  or  1  atom  of  hydrogen, 

— j^-.„  ■  —  327'5  parts,  or  3  atoms  of  silver. 

From  this  we  conclude  that  the  acid  ia  tribarac,  and  that  the 
formula  G^H^O^  represents  a  molecule.  A  further  confirmation 
of  this  conclusion  is  found  in  the  fact  that  acid  salts  containing 
only  one  atom  of  a  monad  metal  are  known. 

The  molecular  formuls  of  the  above  compounds  ore 
therefore: 

Meconic  acid    ,     .    C,H^Oj, 
White  salt    .     .     .     Cjl^AgjO^, 
Yellow  salt  ,    .     ,    CjEA^Oj, 

In  certain  instances,  an  acid,  whose  molecular  formula  has 
to  be  determined,  may  be  known  to  belong  to  a  given 
homologous  series.  Id  this  case,  in  order  to  determine  its 
molecular  formula,  we  only  need  to  determine  the  quantity 
of  Bilver,  or  of  any  other  metal,  contained  in  one  of  its  salts. 
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Example  No.  7.  An  acid,  -whicli  from  ita  derivation  and 
chemical  relations  undoubtedly  belongs  to  the  group  of  fatty 
acids,  gives  a  silver-salt  which  yields,  on  ignition,  45'5I  per 
cent,  of  metaL  Hence  the  molecular  weight  of  the  acid  is 
130.  The  general  formula,  however,  of  the  fatty  acid  series 
is  CdHmOj  and  the  value  of  » is  ascertuued  by  the  equation : 

14b +  32-130 
.•.fl  =  7. 

Hence  the  molecalar  formula  of  the  acid  is  C^H^^Oy 
73  (c)  MoUetUar  Formula  of  Bates.  Uany  carbon  compounds 
exist  which  contain  nitrogen,  and  which  act  as  bases,  combining 
like  ammonia  with  acids.  Some  of  these  bases  are  monacid, 
others  are  polyacid.  In  order  to  find -the  molecular  weight 
of  such  a  compound,  it  is  only  necessary  to  ascertain  the 
quantity  of  acid  contained  in  an  anhydrous  normal  salt,  or, 
better  still,  to  find  the  quantity  of  platinum  present  in  the 
double  salt  formed  by  the  combination  of  the  hydrochloride 
with  platinic  chloride,  and  which,  like  ammonium  platinic 
chloride,  contains  two  molecules  of  hydrochlonc  acid  to  each 
molecule  of  platinic  chloride. 

Examj^  No.  8.  Caffeine  is  a  monacid  base;  its  platinum 
douUe  salt  contains  two  molecules  of  cafTeine  and  two  molecules 
of  hydrochloric  acid  combined  with  one  molecule  of  platinic 
chloride,  and  100  parts  of  this  compound  leave,  on  ignition, 
24'6  per  cent,  of  platinum.  ConsequenUy  the  amount  of  the 
platinum  salt  wUch  contfuns  one  atom,  or  1967  parts  of 
platinum,  is : 


24-6 
The  molecular  weight  of  cafieine  is  found  fix>m  this  by  the 


2»  +  (2x  365) +338-3-799-6 
.•.»  =  194. 

As  the  percentage  composition  of  this  base  ia  known,  its 
molecular  formula  can  easily  be  foond : 
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194x5-22       ,„,    ,^  ^ 
TKn-      =  10"1  of  hydrogen, 

194x28-99      ^^„    -    . 

Yon '  ~  ^"'*  "    nitrogen, 

19*  X  16-28 


-  31 '58  of  oxygen. 
One  molecule  of  caffeine,  therefore,  consists  of: 
-Jo"    ~   8'0  atoms  of  carbon. 


Itfl  molecular  formula  is  therefore  C^^fi,,  corresponding 
to  a  molecular  weight  of  194,  or  more  exactly  of  193-78. 

In  the  determination  of  the  molecular  weight  of  an  oiganic 
base  we  also  often  know  beforehand  to  which  homologous  series 
it  belongs.  In  such  a  case,  the  determination  of  the  platinum 
in  the  double  salt  is  sufficient  to  detennine  the  formula. 

Example  Jfo.  9.  A.  compound  ammonia,  having  the  general 
formula  CuHm+sN  forms  a  double  salt,  100  parts  of  which, 
on  ignition,  leave  a  residue  of  33'62  of  platinum. 

Aji  the  platinum  double  salt  possesses  the  formula 
(CttHtt  +  iN,CIH)»  +  PtClt,  the  molecuhir  weight  of  the  base  ia 
eaedly  found  to  be  86,  and  hence  we  have  the  equation : 

12»  +  2tt  +  3  +  14°>86 
.-.  n  -  4-93. 

Hence  .the  bose  possesses  the  formula  C^Hj^N,  and  has  a 
molecular  weight  of  86-86. 

74  (d)  Moltcidar  Formula  of  Nim-volatile  and  Neutral  Bodies, 
Most  carbon  compounds,  however,  neither  act  as  acids  noi  as 
bases,  and  if  they  are  not  volatile  without  decomposition,  and 
do  not  enter  into  combination  to  form  distinct  compounds  with 
other  elements  by  means  of  which  the  molecular  weight  can 
be  ascertained,  the  molecular  formula  can  be  ascertained,  in 
many  cases  at  least,  by  a  careful  examination  of  tJieir  chemical 
metamorphoses. 
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Example  No.  10.  Numerous  analyses  of  cane-sugar  liavQ 
diown  it  to  possess  the  following  percentage  compositiou : 

Carbon. 4210 

Hydrogen      ....       6'44 

Oxygen 51-46 

10000. 

Afl  in  the  case  of  aurin,  this  result  may  be  expressed  by  a 
number  of  di£Ferent  formuls.  In  order  to  obtain  a  clue  as  to 
wbicb  of  these  is  the  correct  one,  ve  must  consider  certain 
general  properties  of  the  body.  In  the  first  place,  cane-sugar 
when  boiled  with  sulphuric  acid  is  converted  into  equal  quan- 
tities of  two  other  kinds  of  sugar  possessing  an  identical  com- 
position, but  distinguished  by  certain  chemical  as  well  as  by 
certain  physical  properties.  These  two  varieties  of  sugar  are 
known  as  grape-sugar  and  fruit-sugar.  That  they  are  formed 
from  cane-Migar  by  addition  of  the  elements  of  water,  is  proved 
by  analysis,  which  gives  for  the  new  sugars  the  following 
composition : 

Carbon 4000 

Hydrogen      ....       667 

Oxygen 63-33 

10000. 

On  dividing  these  numbers  by  the  respective  atomic  weights 
o£  the  elements,  the  following  nnmbers  are  obtained  : 

ja     =  3-33  carbon. 

6-67 

^-  =  6-67  hydrogen. 

63-33     „ 
,n  ~  =  3-33  oxygen. 

Hence  these  two  kinds  of  sugar  contain  two  atoms  of  hydrogen 
for  every  one  atom  of  carbon  and  one  atom  of  oxygen,  and  the 
simplest  formulae  for  them  is  CH,0.  This,  however,  cannot 
possibly  represent  the  molecular  formula  of  the  compound,  in- 
asmuch as  such  a  simple  body  must  either  be  a  gas  or,  at  any 
rate,  a  very  volatile  substance.  Neither  of  these  kinds  of  sugar 
belong  to  either  of  the  above  categories,  for  on  heating  they 
decompose,  leaving  a  residue  of  carbon.    The  molecular  formula 
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must  therefore  be  a  multiple  of  the  simplest  formula.  Both 
th^se  sugars  yield,  on  fermentation,  equal  molecules  of  alcohol, 
CjHgO,  and  carbon  dioxide,  COj ;  hence  we  may  conclude  that 
the  molecular  formula  cannot  he  less  than  CgHgO,.  Both, 
moreover,  combine  with  nascent  hydrogen  to  form  manna-sag&r 
or  maonitol,  which  possesses  the  following  composition: 

Carbon  .....  39-56 
Hydrogen  ....  769 
Oxygen 5275 

foo-ob. 

As  maimitol  stands  in  such  a  close  relationship  to  grape-sugar, 
finjit-sugar,  and  cane-sugar,  it  may  be  well  to  calculate  how 
many  atoms  of  hydrogen  and  oxygen  these  compounds  contain 
for  every  3  atoms  of  carbon.  Thus  we  find  for  cane-sugar, 
CjHj.jOj.,^,  and  for  manuitol,  CiH^Og.  Hence,  the  simplest 
formulse  of  these  two  bodies,  consistent  with  the  foregoing  re- 
actions, are,  cane-sugar,  C^H^jO^,  mannitol,  CgH^^Og ;  and  those 
of  the  two  other  descriptions  of  sugar,  C^H^O^  That  this 
formula  for  mannitol  b  its  molecular  formula,  may  be  seen  from 
the  following  considerations.  An  exact  investigation  of  this 
body  has  shown  that  it  contains  six  bydroxyls,  or  that  it  is  an 
alcohol  of  an  hexad  radical  Hence  it  possesses  the  formula 
C,Hg(OH)^  This  may  be  further  proved  by  a  few  simple 
reactiona  The  six  hydroxyls  may  be  replaced  by  six  of  hydro- 
gen, hexane,  CgH,^  being  thus  formed,  and  this  is  the  original 
hydrocarbon  of  mannitol.  It  might,  notwithstanding,  be  supposed 
that  as  mannitol  is  not  volatile  without  decomposition  its  mole- 
cular weight  might  be  a  multiple  of  the  above  numbers.  This 
supposition,  however,  is  impossible,  as  no  hydrocarbon  can 
contain  a  larger  proportion  of  hydrogen  than  is  contained  in  a 
hydiitcarbon  of  the  series  CnHzn+i-  As  the  three  other 
sugars  are  so  clearly  connected  with  mannitol,  we  may  assume 
that  the  above  simple  formulie  likewise  represent  the  molecular 
formuUe  of  these  compounds. 

^cample  No.  11.  As  a  last  example  of  the  method  by  which 
the  molecular  formula  of  a  non-volatile  compound  may  be 
determined,  we  will  take  that  of  aurin,  the  analysis  of  which  has 
already  been  given.  This  compound  is  formed  when  a  mixture 
of  ox^c  acid,  CjH,0^  and  phenol,  CjHgO,  is  warmed  with 
flulplmric  acid ;  water  and  fomuc  acid,  CH,Oj,  being  at  the  same 


^cibyGoOi^lc 


112  EMPIRICAL  AND  RATIONAL  FORMULA 

time  produced.  As  oxalic  acid  easily  splits  up  ou  heating  into 
formic  acid  and  carbon  dioxide,  we  must  assume  that  the  latter 
compound,  in  the  naaceut  state,  acts  upon  phenol  yielding  aurin 
and  water.  If  we  represent  this  reaction  by  an  equation,  ve 
find  that  of  the  three  formulae  which  we  have  already  given  for 
aorin,  the  second  one  explains  the  decompositioa  most  readily : 

3  C^O  +  CO,  -  C„Hi,0,  +  2HjO. 

That  this,  the  simplest  formnla,  is  at  the  same  time  the 
molecular  formula,  has  been  proved,  or  at  any  rate  rendered 
extremely  probable,  not  only  by  the  fact  that  aurin  can  be 
converted  into  the  hydrocarbon  triphenylmethane,  C^H,^  whose 
derivative  it  is,  but  also  that  aurin  can  be  prepared  from  this 
hydrocarbon  by  the  replacement  of  two  atoms  of  hydrogen  by 
one  atom  of  oxygen  and  two  atoms  of  hydrogen  by  two  of 
hydroxyL 

In  the  numerous  cases  to  which  none  of  these  means  for 
ascertaining  the  molecular  weight  of  a  substance  apply,  we  must 
be  content  to  make  use  of  the  simplest  formula,  although  it 
must  be  remembered  that  in  certain  cases  even  the  simplest 
formula  cannot  be  obtained. 


EMPIRICAL  AND  RATIONAL  FORMULA. 

75  Laioo/lM  LijiJcKig  o/ Atoms.  By  an  empirical  formula  is 
understood  one  which  simply  expresses  the  composition  of  the 
body.  If  at  the  same  time  it  represents  the  molecular  weight, 
it  is  termed  an  empirical-molecular  formula.  Besides  these, 
ratiowU  formuke  are  employed,  especially  in  organic  chemistry, 
this  name  having  been  first  made  use  of  by  Berzelius.  Such 
formuhe  are  intended  to  indicate  the  chemical  nature  of  the 
compound,  and  to  express  the  relations  in  which  it  stands  to 
other  bodies,  or,  in  other  words,  to  point  out  either  the  com- 
pounds from  which  it  has  been  derived  or  those  into  which  it 
can  be  resolved.  For  the  true  aim  of  chemistry,  as  Kekuiti  justly 
remarks,  is  not  so  much  the  study  of  the  existing  substance  as 
that  of  its  past  history  and  its  future  development.  Id  the 
historical  introduction  reference  has  been  made,  not  only  to  the 
-  growth  of  rational  formulae,  but  likewise  to  the  influence  which 
the  theory  of  types  has  exerted  on  our  knowledge  of  the  peculiar 
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rdatioQS  of  the  atoms  in  combinatioii  aad  in  decompoaition.  It 
was  formerly  supposed  tliat  the  sevaral  constituent  atoms  of  the 
molecule  were  held  together  by  the  attraction  which  one  of 
them  exerted  upon  all  or  upon  a  large  Dumber,  aod  that  these, 
in  their  turn,  exerted  a  correspoiidiiig  attraction  and  thus  held 
each  constituent  in  its  place.  Chemists  have,  however,  now  come 
to  the  conclusion  that  this  attraction  is  only  exerted  between  the 
atoms  severally.  The  atoms  may  thus  be  represented  as  fomuDg 
a  chain,  one  atom  being  linked  on  to  the  other,  so  that  when  one 
of  them  is  removed  without  altering  the  position  of  the  others, 
the  chain  is  broken. 

It  next  remains  to  notice  how  this  law  of  the  hnking  of  atoms ' 
may  be  explained  from  the  known  constitution  of  the  carbon 
compounds. 

76  Carbon  is  a  tetrad  element,  and,  therefore,  one  atom  of  cai- 
bon  unites  with  four  atoms  of  hydrogen,  giving  rise  to  methane  or 
maiah-gas,  CH^  the  simplest  of  the  hydrocarbons.  This  hydro- 
gen may  be  replaced  by  other  monad  elements  or  residues.  Thus 
by  the  action  of  chlorine  we  obtain  methyl  chloride,  CHgCl, 
which,  on  unitiag  with  ammonia,  yields  metbylamine,  CHgNHj, 
and  on  treatment  with  caustic  potash  is  converted  into  methyl 
alcohol,  CHjOH.  If  two  atoms  of  hydrogen  in  this  latter  body 
be  rejdaced  by  oxygen  we  obtain  formic  acid,  COH.OH.  These 
formulffi  may  be  graphically  represented  according  to  A.  S. 
Cooper's  su^estion,'  as  follows,  each  atom  being  coimected  with 
anoUier  by  means  of  a  tine  indicating  the  mode  in  which  the 
attraction  acts : 


HethAiu. 

H 

HatliTl 

ChlDride. 

H 

H 
H-C— H 

Methyl 
H 

Formic 
Acid. 

H 

I— C-H 

H-O-H 

cJ. 

H— C— H 
1 
0 

A 

/I 


The  simplest  mode  in  which  two  carbon  atoms  can  com- 
bine together  is  when  one  combining  unit  of  the  one  atom  is 
linked  by  one  combinii^  imii  to   the  other  atom.     Sbc  &ee 
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combiuing  units  tlien  remain,  or  &  hemd  group  is  formed 
capable  of  combining  with  hydrogen  to  form  ethane,  poesessing 
the  foUowing  graphical  formula : 

H    H 


H— C— C- 


H 


n 


More  than  two  carbon  atoms  can  combine  together  in  a  similar 
way,  and  the  valency  of  such  a  group  will  be  increased  by  two 
units  for  every  atom  of  carbon  which  thus  becomes  attached. 
If  n  atoms  of  carbon  unite  together,  the  number  of  free 
combining  units  will  be  represented  by 

2  +  n{4— 2)-2  +  2». 

If  the  whole  of  these  units  be  saturated  by  hydrogen,  members 
of  the  homologous  series,  CoHjo-t-i.  known  as  the  paraffin 
series,  are  formed.  In  these,  just  as  in  marsh-gas,  one  atom  of 
hydrogen  may  be  replaced  by  monad  elements  or  residues,  and 
thus  the  homologous  series  of  chlorides,  alcohols,  and  amines, 
which  have  been  already  described,  may  be  obtained, 

77  Derivatives  of  Ethane.  Ethane,  C^H^,  forms  the  following 
derivatives:  ethyl  chloride,  CjH^Cl;  ethyl  alcohol,  CjHa.OH; 
ethylamine,  C^^.  NH,.  The  graphical  formube  of  these  are 
readily  obtained,  and  may  shortly  be  written  in  three  different 
ways,  as  follows : 

(1)    CH,  CH,  CH, 

CHj  CSj  Cri| 

I  I  I 

Cl  OH  NH, 


(2)  CH,  CH,  CH, 

I  I  i 

CHjCl  CH,OH  CH,.NH,  .  :-. 

(3)  CH,.CH,CI    CH,.CH,.OH    CH,.CH,.NH,.    ■ 

Ethyl  alcohol,  on  oxidation,  yields  acetic  acid,  one  atom  of 
oxygen  replacing  two  atoms  of  hydrogen. 

The  question  now  occurs,  which  two  of  the  six  atoms  aie  thus 
replaced  ?  This  point  is  determined  on  ascertaining  that  acetic 
acid  like  alcohol  contains  the  radical  hydroxyl,  a  fact  with  which 
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the  originators  of  the  theory  of  types  were  acquainted,  for  they 
assumed  that  both  these  compounds  were  obtained  from  water 
by  the  re[Jacement  of  one  atom  of  hydrogen  by  a  radical : 

Ethjl  Alcohol.  Acetic  Acid. 

These  formulse  indicate  that  both  compounds  cont^n  an  atom 
of  hydrogen  capable  of  acting  differently  from  the  other  atoms 
of  the  same  element,  inasmuch  as  this  particular  one  can  be 
readily  replaced  by  monad  elements  or  groups.  Besides,  we  know 
that  the  hydroxyl  can  be  replaced  by  chlorine  when  these  and 
similar  compounds  are  acted  on  by  phosphorus  pentachloride, 
ethyl  chloride,  CjHjCl,  and  acetyl  chloride,  CjHjOCl,  being 
formed,  whilst  by  the  process  of  reverse  substitution  the  chlorine 
in  diese  bodies  may  be  readily  replaced  by  hydroxyl.  Hence  it 
follows  that  the  true  constitution  of  acetic  acid  can  only  be 
represented  by  one  of  the  following  constitutional  formulae : 


(11 

n 

(2) 

HC  =  0 

t 

(!) 

\CH 

in 

(Ih 

In  order  to  ascertain  which  of  these  is  to  be  accepted,  two 
general  methods  are  employed.  The  molecule  may  either  be 
decomposed  by  simple  reactions  into  smaller  molecules  of  well- 
known  constitution,  or  it  may  be  built  up  from  such  molecules. 

78  I%e  First  or  AnaXytuxd  Method.  MxampU  1.  When  acetic 
acid  is  heated  with  an  alkali,  mai^h-gas  and  a  carbonate  are 
obtained: 

C,B:gOj?Ia  +  NaOH  =  CH,  +  Na.COj. 

SxampU  %  When  a  galvanic  current  is  passed  through  a  con- 
centrated solution  of  potassium  acetate,  acid  potassium  carbonate, 
free  hydrogen,  and  ethane  are  produced : 

2  CjIt,0,K  +  2HjO  =  2  KHCOg  +  Hj  +  CjH^ 

The  change  which  takes  plac6  in  this  reaction  is  easily 
explained.  When  the  salt  undergoes  electrolytic  decomposition. 
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it  lirst  yields  the  metal  potassium  aod  a  refddue,  C^O^  But  the 
metal  at  once  decomposes  Trater,  aod  the  residue  yields  carbon 
dioxide  and  methyl,  CjHgOj  «  CO,  +  CH^  The  latter  body 
cannot,  however,  exist  in  the  &ee  state,  and  hence  two  molecules 
combine  to  form  ethaae,  0^. 

The  most  probable  conclusion  to  be  drawn  &om  these  decom- 
positions is  that  one  atom  of  carbon  of  the  acetic  acid  ia  linked 
directly  with  carbon,  and  hence  ita  constitution  is  represented 
by  the  first  of  the  above  three  constitutional  formube.  The 
decomposition  by  electrolysis  being  represeated  ini  the  following 
way: 

CH, CH, 


CO,  |H...H  CO, 

79  The  Second  or  Synthetic  Method.  That  acetic  acid  possesses 
the  above  constitution  and  contains  the  group  methyl,  is  more- 
over  ascertained  by  the  &ct  that  it  can  be  synthetically  obtained 
from  the  methyl  compounds.  Thus,  when  methyl  iodide  is  heated 
with  potassium  cyanide,  methyl  cyanide,  CHyCN,  is  obtained, 
and  this,  when  boiled  with  a  solution  of  caustic  potaah,  yields 
potassium  acetate  and  ammonia 


CH, 

CH,         ^ 

C=N  +  H-O-K  +  H-O-H     . 

.      C  ~  0  +  H^  -  C. 

L     ^ 

By  the  action  of  chlorine  upon  acetic  acid,  monochloracetic 
acid,  0^H,0IO^  is  formed.  This  is  a  monobasic  acid,  like 
acetic  acid  itself,  and  it  is  converted  by  means  of  phosphorus 
pentachloride  into  monochloracetyl  chloride,  C,HgC1.0Cl,  and 
ftom  this  we  conclude  that  it  also  contains  the  group  hydroxyl, 
and  that  the  substitution  has  takea  place  in  the  methyl  group. 
Its  constitution,  as  well  as  that  of  acetic  acid,  may,  therefore,  be 
represented  by  the  following  formulfe : 

Acetio  Acid.  CUor-acetic  Add. 

(1)     oH,.co.oH  cH,aco.oa 


CH,0_O^Q  CH,CLC01 
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Sach  or  similar  formulte  were  formerly  used,  but  whilst 
Berzelius's  Echool  intended  by  the  use  of  these  fonnuls  to  indi- 
cate that  metby]  is  a  copnlated  oxalic  acid,  the  upholders  of 
the  theory  of  types  distinctly  stated  that  such  rational  formulte 
are  to  be  considered  not  as  constitutional  formula,  but  as  for- 
moln  of  decomposition,  simply  indicating  the  chemical  meta- 
morpboees  of  the  subataoce  in  question  and  its  relationshipa  to 
other  substances,  but  in  no  way  indicaUog  the  constitution  or 
position  of  the  atonuL 

All  the  formuhe  for  acetic  acid  which  have  been  mentioned 
indicate  (1)  that  it  contains  two  atoms  of  carbon  connected 
tc^ther  by  the  simfJest  method  of  linking ;  (2)  that  one  of 
these  atoms  is  combined  with  three  atoms  of  hydrogen;  and  (3) 
that  the  other  is  so  connected  with  two  atoms  of  oxygen  that 
one  of  the  atoms  of  this  latter  element  is  linked  to  carbon  with 
both  its  combining  units,  the  other  being  connected  with  only 
one  combining  unit,  its  second  combining  unit  being  saturated 
with  hydrogen. 

8o  Non-Saturated  Compomida.  If  we  remove  two  atoms  of 
hydrogen  firom  ethane,  ethylene  or  defiant  gas,  C^H^,  is  pro- 
duced, and  this  substance  is  sharply  distinguished  from  ethane. 
The  latter,  like  all  paraffins,  is  attacked  by  chlorine  and  bromine 
only  in  daylight,  and  with  the  formation  of  substitution-products, 
whilst  ethylene  and  its  homologues  unite  directly  in  the  dark  with 
two  atoms  of  the  above  halogens.  Hence  we  may  assume  that 
the  latter  hydrocarbon  belongs  to  the  class  of  unsaturated  com- 
pounds or  contains  &ee  combining  units.  In  this  case  tfae 
constitution  of  ethylene  may  be  represented  by  the  following 
formnls: 

CH.  ~CH, 

■  i 

=CH  — CH, 

It  is,  however,  as  we  shall  see  later,  much  more  probable 
that  the  two  carbon  atoms  are  connected  together  by  two  com- 
bining units  of  each,  and  that  the  constitution  is  expressed 
more  correctly  by  the  formula : 

CH, 

II 

CH, 

The  easy  combination  of  ethylene  with  the  elements  of  die 
cbloiine  group  can  in  this  case  be  readily  explained  by  the 
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teaddBcy  wliicli  the  carbon  atoms  exhibit  to  combine  in  the 
fiimplest  possible  way.  However  this  may  be,  it  can  be  easily 
shown  that  the  first  of  the  above  formnlse  doea  not  indicate  the 
constitution  of  ethylene. 

The  bromine  in  ethylene  dibromide,  CjH^Brj,  can  readily  be 
replaced  by  hydroxy!,  and  by  the  action  of  hydrochloric  acid  on 
the  glycol,  C,H^(OH)j,  thus  produced,  ethylene  chlorhydrin, 
CjH^ClOH,  is  formed.  This  subBtance  on  oxidation  yields  mono- 
chloracetic  acid,  CjHjCIO.OH.  Hence  it  follows  that  the  above 
compounds  possess  the  following  constitutional  formube ; 

Ethjiene         Ethylene  Alcohol  or  IthTkne  HoDO-chlor- 

Dibromide.  Glycol.  Chlorhydrin.  aoatic  acid. 

CHjBr  CHj-OH  CH,CI  CH,C1 

CH^r  CH^OH  CHjOH  CO.Oa 

By  a  moderate  onidation  ethylene  alcohol  can  be  converted 
into  glycollic  acid,  CjH^Oj,  by  replacement  of  two  atoms  of 
hydr<^n  by  one  atom  of  oxygen.  This  reaction  is  exactly 
parallel  to  the  formation  of  acetic  acid  from  ethyl  alcohol, 
and  hence  the  following  formula  must  be  given  to  glycollic 
acid: 

CH,OH 

CO.OH. 

The  truth  of  this  is  easily  proved  by  the  fact  that  glycollic 
acid  is  also  formed  when  a  salt  of  chloracetic  acid  ia  boiled  with 
water: 

CHjCl  CH^OH 

J  +     HOH     -       I  +     KCl. 

CO.OK  CO.OH 

Glycollic  acid  contains  two  bydroxyls  in  different  positions ; 
one  of  these  may  be  termed  the  alcoholic  hjdroiyl,  because  it 
occupies  the  same  position  as  the  hydroxyl  in  alcohol,  whilst  the 
other  playing  the  part  of  the  hydroxyl  in  acetic  acid,  and  capable 
of  having  its  hydr<^en  replaced  by  metals,  is,  on  this  account, 
caUed  the  basic  hydroxyl. 

As  we  may  assume  that  analogous  constitution  gives  rise  to 
ansJogoUB  properties,  we  may  predict  that  glycollic  acid  will  act 
partly  as  au  alcohol  and  partly  as  aa  acid.  This  ia  found  to  l>e 
the  case.     Exactly  as  we  obtain  ethyl  chloride  by  acting  on 
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ethyl  alcohol  with  hTdrochloiic  add,  so  we  Bud  that  glycollic 
or  oxyacetic  acid  yields  chloracetic  acid  nnder  similar  conditions : 

CHyOH  CH,C1 

I  +HC1     =      I  +H,0. 

CO.OH  CO.OH 

By  the  actioD  of  phosphorus  pentachloride  od  ethyl  alcohol, 
ethyl  chloride,  a  very  stable  compound,  is  formed ;  whilst 
acetyl  chloride,  a  substance  obtained  in  a  similar  way  from 
acetic  acid,  is  quickly  decomposed  in  presence  of  water  into 
hydrochloric  acid  and  acetic  acid.  In  like  manner  glycollic 
acid  yields  on  treatment  with  phosphorus  pentachloride,  glycolyl 
chloride,  CjHjOClj.  This  acts  partly  aa  an  alcoholic  chloride 
and  partly  as  an  add  chloride,  and  hence  when  it  is  brought 
in  contact  with  water  it  yields  chloracetic  add  : 

CH.C1  CHjCa 

r         +H,0     -      I  +HCI. 

CO.Cl  CO.OH 

Oa  oxidizing  ethyl  alcohol,  monobasic  acetic  add  is  obtained, 
and  in  like  manner  monobasic  glycollic  acid  yields  on  oxidation, 
dibasic  oxahc  acid : 

CHjOH  CO.OH 

I  +0,     =       I  +H,0. 

CO.OH  CO.OH 

The  constitution  of  many  other  carbon  compounds  has  been 
ascertained  by  similar  processes.  The  particularB  in  each  case 
will  be  found  under  the  description  of  the  substances  in 
question. 


ISOMERISM. 

8i  In  the  year  1820  Dalton  investigated  the  properties  of  the 
gases  evolved  in  the  dry  distillation  of  oils.'  Amongst  these  he 
found  a  hydrocarbon  which  differed  from  olefiant  gas,  although, 
like  it,  this  new  substance  readily  combined  with  chlorine.  He 
came  to  the  conclusion  that  the  atom  (molecule)  of  this  gas 
contained  twice  as  much  carbon  and  hydrogen  aa  defiant  gas, 

■  Mtm.  Lit.  Phil.  Stic,  Muichuter  [2],  ir.  81, 
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and  this  waa  confirmed  by  the  dUcoveiy  in  the  foUowiog  year 
by  William  Heniy  of  tbe  existence  of  a  idmilar  hydrocarbon  in 
coal-gas.  Dalton  states  "  that  the  hydrocarbon  contained  in 
oU-gaa  is  a  compound  Bui  generis  consisting  of  the  elements  of 
olefiant  gas  united  in  the  same  proportion,  but  differing  in  the 
number  of  atoms,  most  probably  the  atom  of  the  new  gas 
consisting  of  two  of  olefiant  gas." 

This  hypothesis  was  soon  proved  by  Faraday  to  be  correct 
In  the  year  1825  he  published  a  communication  "  On  certain 
new  compounds  of  carbon  and  hydrogen  obttuned  by  the  decom- 
position of  oil  by  heat."'  At  that  time  a  Portable  Gas  Company 
was  established  in  London  ftur  supplying  the  public  with  tbe 
gas  obtained  from  the  distillation  of  oil,  and  pumped  under  a 
pressure  of  30  atmospheres  into  portable  vessels.  A  considerable 
quantity  of  a  liquid  was  in  this  way  condensed,  and  this  liquid 
was  examined  by  Faraday.  It  readily  evaporates  under  the 
atmospheric  pressure,  and,  like  olefiant  gaa,  has  the  power  of 
uniting  with  its  own  volume  of  chlorine  to  form  an  oily  liquid. 
Its  specific  gravity  proved  to  be  double  that  of  olefiant  gas,  and 
its  chloride  contains  twice  as  much  carbon  and  hydrogen  as 
Dutch-liquid,  this  being  the  name  which  was  at  that  time  given 
to  the  oil  of  olefiant  gas  from  its  discoverers. 

Shortly  before  this,  Liebig '  had  shown  that  the  salts  of  ful- 
mintc  acid  possess  exactly  the  same  composition  as  tbe  corre- 
sponding salts  of  cyanic  acid.  In  a  note  to  his  memoir*  Faraday 
refers  to  this  discovery,  and  adds  the  following  remark : — "  In 
reference  to  the  existence  of  bodies  composed  of  the  same 
elements,  and  in  the  same  proportion,  but  differing  in  their 
qualities,  it  may  be  observed  that,  now  we  are  taught  to  look 
for  them,  they  may  probably  multiply  upon  us," 

Notwithstanding  these  early  observations,  many  chemists 
beheved  that  some  error  had  been  made  in  the  analyses  of 
these  substances.  Thus,  Berzelius  was  unable  to  conceive  that 
bodies  could  exist  havii^  the  same  composition  but  possessing 
totally  different  properties.  When,  however,  Wiihler  proved  in  the 
year  182S,  that  ammonium  cyanate  can  be  converted  into  urea, 
and  when  Berzelius  himself  ten  years  later  showed  that  racemic 
acid  and  tartaric  acid  have  the  same  compositioD,  the  fallacy 
of  the  old  axiom  became  evident,  and  it  was  generally  acknow- 
ledged that  chemical  compounds  possessing  the  same  qualitative 


>  PhO.  rnw.  1S26,  140. 
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and  qaantitative  compodtioa  need  not  necessarily  exhibit  the 
same  physical  and  chemical  properties.' 

Beizelius  himaelf  admitted  that  the  doctrine  of  isomerism 
had  now  been  completely  confirmed,  inasmuch  as  the  same 
number  of  the  same  elementary  atoms  arranged  in  difi'erent 
ways  not  only  may  give  rise  to  compounds  having  a  fJimrimilftT 
crystalline  form,  but  exhibiting  distinct  chemical  properties. 
To  compounds  of  the  latter  kind  Berzeliua  gave  the  name  of 
iaomera  (from  ttro/ie/}^;;  (irof  equal;  fiepot,  a  share  or  portion), 
and  soon  afterwards  he  divided  these,  on  the  one  hand,  into 
those  to  which  we  now  give  the  name  oipolpntne  compounds, 
because  they  possess  a  different  molecular  weight,  and,  on  the 
other,  into  those  termed  ')netamerui  bodies,  which,  with  an 
equal  molecular  weight,  exhibit  different  properties. 

Since  Berzelius's  time  a  laige  number  of  such  bodies  have 
been  discovered.  The  radical  theory  and  the  theory  of  tjrpes 
are  capable  of  explaining  many  cases  of  isomerism,  but  it  was 
not  until  the  doctrine  of  the  linking  of  atoms  was  established 
that  a  clear  light  was  thrown  on  this  subject. 

The  causes  which  can  produce    isomerism   are  numerous, 

and  hence  we  must  divide  isomeric  bodies  into  different  groups. 

8a  Isomerism  in  the  Besiricted  Sense.     The  compounds  classed 

under  this  head  all  contain  carbou  atoms  in  direct  combination, 

and  their  isomeridea  have  the  same  molecular  weight. 

Let  us  in  the  first  place  investigate  the  cause  of  those  cases 
of  isomerism  which  can  be  predicted  by  theory,  and  notice  how 
far  these  predictions  have  been  found  to  agree  with  the  facts. 

The  simplest  hydrocarbons  are  those  of  the  series  CnHtn  +  j. 
It  is  clear  that  in  this  series,  cases  of  iaomerism  can  only  occur 
when  the  carbon  atoms  are  combined  in  different  ways  with  one 
another.  Heuce  the  three  first  terms  of  the  series  cannot  give 
rise  to  isomeric  forma,  and  the  following  substances  are  the  only 
ones  known : 


Methuie,  Ethane.  Fropuu, 

OH, 
CH, 

OH. 


OH. 


OH, 
OH,. 


The  fourth  term,  C^Hjo,  of  the  series  is  derived  from  propane 
1  Pugg,  xix.  S2S. 
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b;  the  substitution  of  one  atom  of  hydrogen  \>y  metbyL 
This  replacGmeut  may,  however,  take  place  either  alt  the  end 
of  the  chain  of  carbon  atoms  or  in  the  central  carbon  group. 
Hence  two  isomerides  exist  and  both  of  these  are  known : 


M,                        OH, 
C»  -  c-«j               OH,      . 

CH.          .-W^} 
CH.4-^H.           ,2l!l-«V 

ha,     ?      -«'*«— 

Three  isomerides  of  the  next  member  of  the  group,  CjH^,  are 
possible,  and  these  are  all  of  them  known  : 

CH, 

I                   CH 

CH,— C— CH, 

(in. 

The  number  'of  possible  isomerides  increases  rapidly  as  we 
ascend  the  series.     This  is  seen  by  the  following  table  :  ^ 


No.  ot  cubou  fttoni*  .    . 

1 

s 

3 

i 

5 

S 

7 

, 

» 

10 

n 

12 

IS 

No.  of  poadblo  unmeric  punffiiu 

1 

1 

1 

a 

3 

G 

s 

" 

M 

TB 

ise 

867 

799 

Of  these,  however,  only  a  relatively  small  nnmber  has  as  yet 
been  prepared. 

When  au  atom  of  hydrogen  in  a  paraffin  is  replaced  by 
a  monad  element  or  radical,  the  compounds  of  the  alcohol 
radicals  are  obtained.  In  this  case  isomerism  commences  in 
the  third  series,  and  two  propyl  alcohols,  CjHgO,  are  known, 


thoorr  of  chemical  combinatioiu,    Brit.  Ataoe.  Rep.  ISi 
Dr.  Hennann  of  Wtirtibnig,  tlu  two  lut  an  85G  and  S( 
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PrimuT 
Pn^l  tlcolioL 

PropyrjoohoL 

CH, 

OH, 

in. 

CH.OH 

Ah^oh 

in. 

Four  bntjl  alcohols,  C^H^gO,  can  in  like  maimer  exist  accord- 
ing to  theory.     These  ore  all  of  them  known,  viz. : 


1 

(21 

(8) 

W 

PrilUJ 

Soimal. 

Hormd, 

Tnti«j. 

OH, 

OH, 

Ah. 

1 

CH,  OH, 

CH,  OH, 

CH, 

\  / 

\  / 

Ah. 

CH.OH 

OH 

C.OH 

CH,OH 

1 

r„„ 

.      L 

fcn. 

*0H 

Nine  pentyl  alcohols,  C^HjjO,  can  exist  according  to  theory, 
of  which  only  seven  are  as  yet  known. 

If  two  atoms  of  hydrogen  in  a  parafGn  be  replaced,  isomeric 
compounda  are  obtained  in  the  second  term  of  the  series. 
Thus  we  have : 


Bthrleua  Chloride. 
CH,C1 

EUudeoe  CUoTida. 

CH. 

CH,a 

CHC 

1, 

1  chloride  C,H,C1,  can  exist 
lifications : 

according  to 

theory  in 

(1) 
TriTuethene 
Chlorid*. 

CH,a 

CHjCl 

CH, 

6hci 

CH,C1 

(3) 

Propidene 
Chloride. 

OH. 
CCI, 

in. 

W 
ChKride. 

CHOI, 

In  the  case  of  the  hydrocarbons,  CnHjtu  a  larger  number  of 
isomerides  can  exist  than  is  posuble  in  tho  case  of  the  marsh- 
gaa  series.  Thus,  for  example,  we  know  only  two  butanes  but 
three  hutylenes : 
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Batylene.  j-Bntrlene.  laobutylene. 

CHa  CH,  CH,  CH, 

O 
II 
IH  CH  .CH, 

CH, 


CH,  CH 

C] 


li 
CH, 


It  has  already  been  stated  that  the  hydrocarbons  of  the  aeries 
CoHan  have  been  assumed  to  contain  free  combining  unita.  If  this 
were  the  case,  four  propylenes  and  eight  butyleoes  must  exist 
If,  however,  these  hydrocarbons  be  supposed  to  contain  two 
carbon  atoms  having  a  double  linking,  only  one  propylene  and 
three  batylenea  can  exist,  and  this  has  been  proved  to  be  the 
fact. 

In  the  case  of  the  hydrocarbons  of  the  series  CnHiu-,,  a  still 
laiger  number  of  cases  of  isomerism  are  possible.  Thus,  for 
instance,  we  have  two  substances   having  the  formula  C^H^. 

AlIylrnB,  ]BO-s]ljl«De. 

r  I' 

III  II 

CH  CH, 

A  large  groap  of  carbon  compounds  are  derived  from  benzene, 
CgH^  In  these  the  carbon  atoms  are  linked  together  in  a 
peculiar  way,  the  nature  of  which  will  be  hereafter  explained. 
The  homologuea  of  this  series  are  formed  by  the  replacement 
of  one  or  more  atoms  of  hydrogen  by  alcohol  radicals,  and 
hence  a  variety  of  isomeiides  is  formed,  such  aa  the  following : 

ID  (2) 

Ethfl-benzanc.  DimethjI-bantene. 

C.H..C,H.  C,H.{g|: 


MCH, 


Propjl-  liopropyl- 


C^,.C,H,       C,H,.CHCCHO,       C,hJ^^         CaJcH, 

The  forgoing  cases  do  not,  however,  exhaust  the  number  of 
ezistii^  isomeric  bodies,  inasmuch  aa  two  or  more  atoms  of 
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hjdn^Q  in  the  benzene  may  be  replaced,  and  this  replacement 
may  take  [Jace  in  different  positions  in  the  molecule.  Thaa,  as 
win  be  seen  hereafter,  there  may  be  three  isomerides  having  the 
compontion  of  dimethyl-benzene,  of  methyl-ethyl-benzene,  and  of 
trimethyl-benzene  ;  thus  four  hydrocarbons  having  the  fonnula 
CgH„  exist,  and  eight  having  the  formula  C^Hj^ 

In  these  compounds,  moreover,  not  only  the  hydrogen  in  the 
alcohol  radical,  bat  that  in  the  benzene  residue  may  be  replaced 
in  different  positions,  and  thus  the  existence  of  a  still  larger 
number  of  isomerides  in  the    benzene   derivatives    becomes 


83  (2.)  Metamerism.  The  compounds  classed  ander  this  head 
possess  the  same  molecular  weight,  but  conttun  two  or  more 
carbon  groups  connected  together  with  a  divalent  or  polyvalent 
radical.  The  Dumber  of  bodies  which  may  thus  be  grouped 
together  is  very  large.  A.  few  simple  examples  will  here  suffice. 
If  an  atom  of  hydrogen  in  an  alcohol  be  replaced  by  an  alcohol- 
radical,  an  oxide  or  ether  is  obtained.  Thus  the  following 
substances  can  be  obtained,  all  having  the  composition  Cfi^fi. 

(1)  (S)  (2) 

Hethvl-peDtfl  Ethjl-batjl  Dipropyl 

Btoer.  ather.  ethor. 

c!S}°       o;!;}"       S;!;}"- 

Inasmuch,  however,  as  the  radical  proj^l  can  exist  in  two 
isomeric  forms,  butyl  in  four,  and  pentyl  in  nine,  it  is  possible, 
according  to  theory,  that  sixteen  ethers  having  the  above  general 
formula  may  exist 

The  so'called  compound  ethers  or  ethereal  aalta  fonn  a  very 
important  class  of  isomeric  bodies.  Thus,  for  example,  the 
following  compounds  of  the  general  formula  C,H„Oj  are 
known: 

(1)  (2)  (8) 

Uethtl  Ethyl  Pnpyl 

pentylate.  bntyrate.  proiHonkta. 

c.^}o  c.^}o  o.^^}o, 

and  in  this  case  the  variety  of  constitution  exhibited  by  the 
radicals  leads  to  the  formation  of  eight  distinct  isometides. 

As  a  last  example  the  amines  having  the  general  formula 
CjHjN  may  be  cited  : 
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0)  (ai  (3)  U) 

Prop^lamiiie.  iBopropjIamlne.       Uethylethy  limine.     Trimcthylumne. 

The  two  first  substances  are  isomeric  compouuds,  the  others 
metameric. 

84  (3.)  Pdymerism.  This  division  contains  compounds  pos- 
sessing the  same  composition,  but  differing  in  molecular  weight. 
The  hydrocarbons  of  the  series  CbHsb  may  serve  as  an  example : 

Ethylene CjH^ 

Propylene CjH, 

Butylene C^Hg 

Pentyleae C,H|j. 


The  following  compounds  are  also  polymeric ; 

Acetylene C,H, 

Benzene ^a^ 

Styrolene CgHg 

Dihydronaptbalene.     ,  G^^^ 

Tetrabydroanthracene .  Cj^H;,^ 

Distyrolene    ....  C^jH^ 

As  another  series  we  have : 

Formyl  aldehyde   .     .  CHjO 

Acetic  acid  ....  C^^O, 

Lactic  acid  ....  C,H,0, 

Grape  sugar      ,     .     .  C,H],0,. 

And  agun : 

Acetaldehyde  .  .  .  CjH.O 
Butyric  acid  .  .  .  C,HgOg 
Paraldehyde     .     .     .     CgHuO,. 

85  (4.)  Physical  Isomerism.  A  number  of  bodies  are  known 
which  according  to  their  general  deportment  must  be  considered 
to  possess  the  same  chemical  constitution,  but  which  exhibit 
certain  distinct  differences  in  physical  properties.  Thus,  they 
may  crystallize  in  different  systems  or  possess  different  melting 
pointa.  These  substances  can  readily  be  converted  from  the 
one  into  the  other  modification,  and  their  isomerism  is  probably 
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due   to   a  diETerent  arrangement  of  their  molecules,  analogous 
to  the  dimorphous  and  trimorphous  inoi^anic  compounds. 

Many  carbon  compounds  possess  the  property  of  rotating  the 
plane  of  polarization,  and  such  compounds  generally  exist  in 
two  or  three  modifications,  assuming  distinct  optical  properties, 
as  for  instancQ  that  of  turning  the  plane  of  polarization  more  or 
less  either  to  the  right  or  to  the  left.  In  the  case  of  crystalliz- 
able  compounds  this  difference  is  rendered  evident  in  the 
existence  of  hemihedral  &ces,  which  in  one  modification  lie 
to  the  right  in  reference  to  the  other  faces,  and  in  another 
nkodification  lie  to  the  left,  so  that  the  one  crystal  is  the 
reflected  image  of  the  other.  In  the  case  of  liquids  a  similar 
difference  in  molecular  structure  is  exhibited  in  the  phenomenon 
known  as  circular  polarizatwn,  a  property  which  is  possessed  by 
a  large  number  of  organic  liquids.  It  has  been  pointed  out  by 
van't  Hoff '  and  Le  Bel,'  that  all  optically  active  bodies  contun 
one  or  more  assymetric  carbon  atoms.  By  this  is  meant  a 
carbon  atom  connected  with  four  diasimil&r  groups  of  atoms, 
as  shown  by  the  following  examples : 

C^s  CO.OH 

H— ©— CH,  H— ©— OH 

CH,OH  CH, 


io. 


,0H. 

Hence  we  may  conclude  that  optical  isomerism  is  probably 
caused  by  different  relative  arrangement  of  the  atoms  which 
form  the  molecule.  Further  information  on  this  point  will  be 
given  under  special  heada 

86  (5.)  Unexplimud  Isomerism.  Lastly,  cases  of  isomerism 
occur  for  which,  up  to  the  present,  we  have  no  sufficient  expla- 
nation. Many  cases  of  this  kind  have  been  long  observed,  but 
some  of  these  have  disappeared  on  finding  that  the  differences 
were  merely  due  to  impurities  contained  in  the  substances. 

On  the  other  hand,  cases  are  known  of  distinctly  pure  sub- 
stances differing  in  their  chemical  properties  and  yet  possessing 
the  same  constitutional  formulEe.     This,  however,  is  not  any 

1  la  Ckimit  ia,n»  TBtpaee.  *  BvU.  Sot.  Ckim.  [8],  ixfl.  887. 
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coutradictioD  to  the  law  of  the  linkiiig  of  atoms,  aa  might  be 
Bupposed,  but  simply  poiDts  to  the  conclusion  that  graphical 
formulee  cannot  re[Hresent  the  arrangement  of  the  atoms  in 
space,  about  which,  in  fact,  nothing  is  known.  These  raticoial 
formulae  possess  a  somewhat  similar  meaning  to  the  parallelogram 
of  forces  in  mechanics.  They  simply  serve  to  gire  us  a  notion 
of  the  attraction  which  the  single  atoms  in  the  molecule  exert 
upon  one  another. 

Compounds  in  which  the  isomeric  relations  cannot  yet  be 
explained,  can  as  a  rule  be  readily  transformed  one  into  the 
other. 


CLASSIFICATION    OP    THE    CARBON 
COMPOUNDS. 

87  The  carbon  compounds  may  be  classed  in  different  groups 
according  to  the  mode  of  linking  of  the  carbon  atoms. 

I.  The  Fatty  Group.  To  this  belong  all  compounds  in  which 
the  carbon  atoms  are  connected  together  by  a  single  linking  as 
in  the  paraffins  and  their  derivatives.  The  group  receives  its 
name  &om  the  fact  that  several  of  its  compounds,  such  as  the 
acids  of  the  series  CoHjoOi  and  others,  occur  in  the  &ts  of 
animals  and  plants.  A  characteristic  property  of  these  sub- 
stances is  that  their  chemical  metamorphoses  are  principally 
brought  about  by  substitution,  tliat  is,  by  one  atom  or  group  of 
atoms  being  removed  and  other  groups  occupyiug  their  i^aces. 
For  this  reason  the  membera  of  the  &tty  group  have  also  been 
termed  saturated  compounds. 

II.  Compounds  containing  relatively  lest  hydrogen  than  the  fort- 
going.  These  contfdn  carbon  atoms  united  by  double  or  trijde 
linkage.  The  hydrocarbons  which  belong  to  this  group  form  the 
following  series : 

CnHto 

C„Hto_* 

These  compounds,  as  well  as  their  substitution-products,  are 
termed  unsaturated  compounds,  as  they  possess  the  characteristic 
property   of  combining  directly   with   hydrc^en  or  with  the 
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elements  of  the  cblorirte  group  or  their  hydracids,  and  thus 
become  taturated  compounds  "by  addition.  This  is  caused  by  the 
rupture  of  one  of  the  links  of  a  doubly-linked  carbon  atom. 
The  inverse  operation  can  also  be  carried  out,  and  the  various 
hydrocarbons  of  this  group  can  readily  be  obtained  by  the 
removal  of  hydrogen  or  chlorine  from  the  saturated  fatty 
compounds. 

in.  The  Aromatic  Orowp.  The  compounds  belonging  to  thb 
group  are  relatively  much  richer  in  carbon  than  Uiose  of  the 
fatty  group  In  many  chemical  metamorphoses,  however,  they 
resemble  the  members  of  the  latter  group,  as  for  example  in 
their  power  of  readily  forming  BubstltutioD  derivatives.  Only 
in  rare  instances  do  they  yield  additive  products,  and  these, 
it  is  important  to  note,  are  not  Ciitty  bodiea  Thus,  for  instance, 
the  Eompler  hydrocarbons  beloDging  to  this  series  and  having  the 
general  foimula  CnHin^d  are  isomeric  with  the  compounds  of 
the  second  group  of  bodies,  containing  relatively  less  hydrt^n. 
But  whilst  these  latter  by  the  addition,  for  example,  of  bromine, 
yield  octohromides,  C^HgBry  only  six  bromine  atoms  can  be 
added  to  the  simplest  aromatic  hydrocarbon  yielding  the  hex- 
brotnide,  CgH^Br^  Hence  we  conclude  that  these  compounds, 
rich  in  carbon,  consist  of  groups  of  closed  chains,  each  containing 
six  atoms  of  carbon.  The  name  aromatic  group  has  been  given 
to  these  because  many  of  the  bodies  belonging  to  the  group 
are  contained  in  ethereal  oils,  balsams,  gum-resins,  and  other 
bodies  possessing  an  aromatic  smelL 

rV.  Compoundx  of  Unknown  CottditnUon.  A  number  of  the 
compounds  occurring  in  the  vegetable  and  animal  organism, 
possess  constitutions  so  complicated  that  their  determination  has 
hitherto  not  jHTOved  possible.  Indeed,  not  many  years  have 
elapsed  since  this  remark  applied  to  by  &r  the  larger  number 
of  organic  compounds.  By  degrees,  however,  this  group  is  be- 
coming smaller,  and  in  process  of  time  it  will  doubtless  entirely 
disappear. 

88  Different  Methods  of  ClassiJietUion.  Each  of  these  chief 
groups  contains  several  subdivisions,  and  these  may  be  arranged 
in  diEferent  ways.  Perhaps  the  most  systematic  method  of 
arrangement  would  be  to  commeoce  each  group  with  a  discussion 
of  the  hydrocarbons,  and  then  to  follow  on  with  a  description  of 
the  series  of  substances  obtained  by  the  replacement  of  one, 
two,  three,  or  more  of  the  constituent  atoms  of  hydr<^n. 
Such  a  method  of  classification,  however,  labours  under  the 
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disadvantt^e  tbat  compounds  irhich  Btand  aa  a  rule  closely 
together,  as,  for  example,  the  alcohols  C^Htn^jO  and  the  acids 
CoHmOi,  are  thus  found  widely  separated,  whilst  other  groups 
possessing  but  little  analogy,  except  in  their  empirical  formulffi. 
ore  brought  into  proximity. 

Hence  it  is  desirable,  alike  for  the  sake  of  perspicuity  as  for 
the  purpose  of  showing  the  genetic  relationships  existing  be- 
tween different  bodies,  to  depart,  in  many  cases,  from  such  a 
systematic  treatment  and  to  arrange  the  compounds  according 
as  they  are  derived  one  from  the  othet.^ 


FATTY  BODIES  AND  COMPOUNDS  CONTAINING 
RELATIVELY  LESS  HYDROGEN  THAN  THESE. 

8g  R^roeajiota  of  tJu  Seria  C»Rtin^i  <"*  '^  'Paraffin  Series. 
Before  the  year  1848  none  of  the  hydrocarbons  belonging  to 
this  class  were  distinctly  known,  with  the  single  exception  of 
marsh-gas,  the  Brst  term  of  the  series.  Chemists  had,  however, 
met  with  other  members  of  the  series,  and  had  examined  their 
properties,  but  their  true  nature  was  not  fully  understood. 
In  the  above  year  the  investigations  of  Eolbe  *  on  the  electro- 
lysis of  the  fatty  acids,  and  those  of  Frankland  '  on  the  action 
of  zinc  on  tlie  iodides  of  the  alcohol  radicals,  opened  a  new 
field  of  investigation  which  booq  yielded  a  rich  harvest  The 
hydrocarbons  thus  obtained  were  considered,  &om  their  mode  of 
production,  as  the  free  radicals  of  the  alcohols.*  Qerhardt, 
however,  proposed  to  double  their  foimulffi  in  order  to  bring 
them  into  co-ordination  with  Avogadro's  law,  and  he  con- 
sidered the  so-called  radicals  to  be  homologues  of  marsh-gas. 
Hofmann'  also  gave  his  adhesion  to  this  duplication  of  the 
formulae,  pointing  out  that  the  adoption  of  Eolhe  and 
Frankland's  formulsB  led  to  an  increment  in  the  boiling 
point  for  each  increment  of  CH^  double  that  known  to  exist 
in  other  homol<^ous  series. 

Together  with  the  radicals  Frankland  discovered  what  he 
believed  to  be  a  distinct  scries  of  hydrocarbons.  These  were 
obtained  by  the  replacement  of  the  iodine  in  the  iodide  of  the 

>  EeknU,  LehrbmA,  L  225. 

'  ^im,  Cliem.  Pharm.  Uii.  27» ;  Chtm.  See.  Joum.  ii,  167. 

*  "On  ths  l«olation  of  the  Organic  B«iUcda,"  Chan.  Sec  Jovttk  U.  SB3; 
ill.  30 ;  ui.  S22. 

•  Gerhaidt  mi  Laurant,  Ctrmpt.  Send,  1819,  IS;  ISfO,  II. 
■  Ciem.  Soc  Joum.  u,  121  (ISM). 
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alcohol  radical  by  hydrogen.  He  assumed  these  hydrides  to  be 
the  true  homologues  of  marsh-gas,  and  accordiag  to  the  views 
first  expressed  by  Brodie,^  these-  were  believed  to  stand  in  the 
same  reJatioa  to  the  radicals  as  the  alcohols  to  their  ethers: 

Ethfl  h;drid«.  EthjL 

C,H.)  0,H.) 

HJ  C,H.r 

Ethjt  alcohol.  Ethjl  etlur. 

h|o  oX;  ■ 

Srodie  likewise  predicted  the  existence   of  mixed  radicals, 
bodies   standing   in  the  same  relation  to  the  simple  radicals 
as  Williamson's  mixed  etheis  do  to  common  ether : 
Ethyl  ether.  Ethyl. 

CAf"  C,HJ 

Ethyl-unyl  ether.  Ethyl-aaiyl. 

C,H,  1„  C,H.  1 

Sncb  mixed  radicals  were  soon  afterwards  isolated  by  Wurtz, 
who  obtained  them  by  the  action  of  sodium  on  a  mixture  of  the 
two  iodides,  as  well  as  by  the  electrolysis  of  a  mixture  of  two  of 
the  fatty  acids.  It  was  at  this  time  generally  believed  that  a 
real  difference  existed  between  the  hydrides  and  radicals, the  mole- 
cule of  the  latter  being' supposed  to  conmst  of  two  atoms.  Still 
it  seemed  remarkable  that  the  isomeric  members  of  two  such 
differently  constituted  groups  not  only  do  not  differ  in  physical 
properties,  but  even  exhibit  a  close  analogy  in  their  chemical 
characters.  Indeed  this  similarity  led  Qreville  Williams,'  who 
discovered  many  of  the  hydrocarbons  of  this  group  in  the 
products  of  distillation  of  Boghead  cannel,  to  consider  them  as 
radicals,  chiefly  because  the  several  members  differed  from  one 
another  by  the  increment  GjH^. 

The  chemical  reactions  of  the  radicals  were  at  that  time  but 
incompletely  known.  One  point,  however,  was  ascertained, 
namely,  that  when  acted  upon  by  chlorine  the  radicals  did  not 
yield,  as  might  have  been  expected,  two  molecules  of  the  corre- 
sponding chloride,  but  two  or  more  of  the  atoms  of  hydrogen 
of  the  hydrocarbon  were  found  to  be  replaced  by  chlorine. 
»  aim.  Soc  Jimm.  iii,  i05  (18BI).  «  Phil.  Tratu.  1857,  «7. 
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The  next  point  requiring  examination  waa  the  action  of 
chlorine  upon  the  hydrides.  Dumas  had  already  found  that 
the  first  substitution -product  of  marsh-gas  ia  the  compound 
CHgCl,  and  Berthelot  had  shown  that  this  suhstance  is  identicfd 
with  methyl  chloride.  On  the  other  hand,  Frankland  and 
Kolbe  had  obtained  from  ethyl  hydride  the  chloride  C^H^Cl,  a 
suhstance  which  they  believed  differed  from  ethyl  chloride,^ 

90  It  was  not  until  the  year  18C2  that  our  knowledge  of 
this  point  became  precise.  In  that  year  Felouze  and  Cafaours ' 
showed  that  Ajnerican  petroleum  consists  almost  entirely  of  a 
mixture  of  homologous  hydrocarbons  of  the  series  CqH]b^  and 
Schorlemmer'  found  the  same  in  the  distillation-products  of 
oamiel  coal.  The  examination  of  these  latter  products  showed 
that  their  monochlorinated  substitution-j^oducts  are  really  the 
chlorides  of  the  alcohol  radicalB  from  which  the  alcohols  and 
their  other  derivatives  can  be  prepared,  and  hence  that  the 
hydrocarbons  themselves  are  hydrides. 

The  next  question  was  to  ascertain  precisely  the  nature  of 
the  action  of  chlorine  upon  the  radicals  thcmaelves,  and 
Schorlemmer  *  found  that  the  two  following  : — 


Etliyl-unyl    and   Di-vnji, 

CM 


yielded,  respectively,  chloride  of  heptyl,  C,H„C1,  and  chloride 
of  decatyl,  CioHnCl ;  and  &om  these  the  corresponding  alcohola 
were  prepared.' 

He  further  proved  that  the  radical  methyl,  or  di-methyl,  as 
it  was  afterwards  called,  is  identical  with  hydride  of  ethyl, 
ioasmuch  as  not  only  did  the  existence  of  the  differences  which 
bad  been  previously  observed  between  their  physical  properties 
prove  to  be  a  fellacy,  but  both  bodies  were  converted  on  treat- 
ment with  chlorine  into  ethyl  chloride.  About  the  same  time 
Schoyen '  showed  that  Frankland's  di-ethyl  was  converted  by 
chlorine  into  butyl  chloride. 

From  this  time  forward  the  supposed  distinction  between 
radicals  and  hydrides  may  be  said  to  have  completely  lHX>ken 


iH.  Chtm.  PAoTM.  exziT.  SSS  ,-  cxiyiL  II 
xix.  87.  ■  C/um,  Sac.  Joara.  ir.  416  (1S6S}. 

*  Chen,  Soc.  Journ.  lyi  1S5.  •  PToe.  Roy.  Soe.  tIt.  161. 

*  Ann.  Ckem.  Pharm.  «zxe.  3S3  ;  czzxL  76  ;  ckxxiL  2S1. 
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down,  and  it  was  acknowledged  that  in  the  formation  of 
the  radicals  two  carbon  atoms  are  combined  exactly  in  the 
same  way  as  they  are  connected  together  in  the  other  com- 
pounds. That,  for  instance,  in  the  radical  di-methyl,  the 
two  carbon  atoms  are  connected  together  exactly  in  the  same 
way  as  the  two  carbon'  atoms  are  linked  together  in  the  ethyl 
coropoonds. 

The  lower  members  of  this  series  are  very  volatile  liquids. 
The  boiling  point  rises  with  each  increment  of  CHj,  and  the 
highest  members  are  crystalline  solids.  A  mixture  of  these  latter 
substances  was  discovered  in  the  year  1830  by  Reichenbacb ' 
in  wood-tar.  This  was  believed  by  him  to  be  a  definite  chemical 
compound,  to  which  he  gave  the  name  of  paraffin,  from  parwm 
afinis,  its  most  important  characteristic  being  its  inactive 
properties.  For  a  long  time  it  was  believed  that  paraffin 
belonged  to  the  series  of  hydrocarbons,  CnHja,  for  in  those 
days,  as  has  been  stated,  the  only  member  of  the  series  CBHsn^.! 
known  was  roarsh-gas.  Moreover  the  percent^e  compositions 
of  the  higher  members  of  these  two  groups  exhibit  difTerences  so 
slight  that  they  fall  within  the  errors  of  analysifl.and  it  becomes 
impossible  thus  to  determine  to  which  of  the  two  groups  a 
substance  belongs.  This  can,  however,  be  readily  ascertained 
when  the  substances  are  treated  either  with  chtorine  or  bromine. 
These  elements  combine  directly  with  the  group  CnHtn.  but  act 
with  difficulty  on  the  group  CnHan+si  giving  rise  to  substitution- 
products.  In  addition  to  this,  the  members  df  the  first  of  these 
groups  are  easily  attacked  by  oxidizing  agents,  whilst  those  of 
the  latter  group  are  only  oxidized  with  difficulty  even  by  the 
moet  ene^etic  reagents.  In  this  respect  paraffin  distinctly 
belongs  to  the  latter  class.'  On  these  grounds  Henry  Watts ' 
has  suggested  that  the  name  of  paraffin  should  be  made 
generic,  and  applied  to  all  the  members  of  this  series  of  these 
hydrocarbons. 

The  paraffins  are  not  attacked  in  the  cold  either  by  chromic 
acid,  concentrated  nitric  acid,  or  sulphuric  acid,  or  even  by  a 
mixture  of  the  two  tatter  acids,  but  if  they  are  heated  with 
dilute  nitric  acid,  with  chromic  acid,  or  with  a  mixture  of 
manganese  dioxide  and  dilute  sulphuric  acid,  they  are  slowly 
oxidized,  the  greater  portion  being  completely  converted  into 

I  Jahri.  Chan.  Fhyt.  (Scb«eigK-3eidel)  xxii.  iZt. 

'  Chtm.  S<ie.  Jmtrn.  xr.  416. 

*  Fovnea,  Manual  of  Chematry,  Tenth  Edition,  613. 
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carbon  dioxide  and  water.  By  the  action  of  nitric  aoid,  smal] 
quantities  of  the  fatty  acids  as  well  as  succinic  acid  and  nitrates 
are  produced,  whilst  by  oxidation  with  chromic  acid  a  small 
quantity  of  acetic  acid  ia  formed.^  Chlorine,  in  the  daylight, 
attacks  these  hydrocarbons  but  slowly.  The  liqnid  becomes 
warm,  hydrochloric  acid  is  evolved,  and  monochlorides  are  liTst 
produced.  These,  however,  are  readily  converted,  in  the  presence 
of  nascent  chlorine,  into  higher  substitution-products.  But  the 
formation  of  this  latter  class  of  bodies  may  be  prevented  to  a 
great  extent  by  pacing  chlorine  into  the  vapour  of  the  slowly 
boiling  hydrocarhoD  instead  of  into  the  liquid  itself.'  The  ex- 
planation of  this  being  that  the  monochlorides  are  less  volatile 
than  the  hydrocarbons  from  which  they  are  produced,  so  that  they 
condense  as  soon  as  they  are  formed,  and  thus  the  chlorine  comes 
almost  exclusively  in  contact  with  the  vapour  of  the  hydro- 
carbon. The  apparatus  must,  however,  be  protected  from  the 
direct  sunlight,  as  otherwise  complete  decomposition  takes  place 
with  evolution  of  light  and  heat  and  deposition  of  carbon 

When  the  monochlorides  are  treated  with  chlorine,  further 
substitution  takes  place,  but  it  ia  only  in  the  case  of  the  two 
lowest  terms  of  the  series  that  the  whole  of  the  hydrogen  can  be 
replaced  by  chlorine.  Propane,  Cjllg,  can  be  converted  into 
hexchlorpropane,  C^HjClg;  and  hexane  yields  hcxchlorhexane, 
GgHgCI,  as  an  end  product,  and  even  these  are  formed  with 
difficulty.  For  in  order  to  obtain  these  bodies,  the  decomposition 
must  not  only  be  carried  on  in  the  sunlight,  but  as  soon  as  the 
action  of  the  chlorine  becomes  feeble,  iodine  must  be  added.* 
The  action  of  this  latter  element  depends  upon  the  formation 
of  iodine  chloride,  which  readily  decomposes  into  its  elements 
the  liberated  chlorine  in  the  nascent  or  atomic  condition  acting 
more  energetically  than  the  same  element  in  the  molecular 
state.  Then  the  nascent  iodine  combines  anew  with  chlorine, 
and  thus  it  plays  a  similar  part  to  that  of  the  oxides  of  nitrogen 
in  the  sulphuric  acid  manufacture.  The  chlorination  of  the 
paraffins  can,  however,  he  carried  out  further  by  heating  the 
chlorinated  products  in  closed  tubes,  together  with  chloride  of 
iodine,  under  increased  pressure.  Propane  thus  treated  yields 
in  the  first  place  octochlorpropane,  C^CIg,  and  this,  by  further 
action  of  chloride  of  iodine,  is  converted  into  hexchlorethone, 

•  Schorleromer,  Ann.  Chati.  Pharm.  cilvii.  21i. 

•  Schorlemmec,  JftW.  Tnmt.  1871. 

•  Schorleminei,  Proc,  Soy.  Soe.  ZTiii.  29. 
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C,C1^  and  tetiachlormethane,  COl^.  Uoder  the  same  con- 
ditioDs  hexaDe  fields,  together  with  the  two  latter  compounds, 
hezchlormesol,  C^Cl^  and  hezchlorbenzol,  CgCl^^ 

Bromine  likewise  yields  Bubstitution-products,  but  not  so 
readily  as  chlorine,*  hut  by  the  action  of  excess  of  bromine 
under  the  influence  of  beat  and  pressure,  substitution-products 
are  formed  similar  to  those  wbich  are  obtuned  by  the  action  of 
chloride  of  iodine. 


CONSTITUTION  OF  THE  PARAFFINS. 

gi  The  parafSns  whose  constitution  is  known  may  be  classed 
under  four  groups. 

(1)  The  Normal  Paragiru.  In  these  the  carbon  atoms  are 
connected  together  by  simple  linkage,  no  one  atom  being  con- 
nected with  more  than  two  others.  Of  these  the  following  h^re 
been  examined :  ' 


Minj 

BoiUDg 

potat. 

p.r.1. 

Methane 

CH. 

g» 

Heptane, 

C,H,.     SS-* 

Ethane 

C,H, 

gaa 

Octane, 

C,H„   125* 

Propane 

C.H, 

gas 

NonaQe, 

c.a,  US' 

Butane 

O.H„ 

1* 

Dodecane, 

0,.H^  202° 

Pentaae 

C.H,. 

38" 

Hecdecane, 

C„H^278'. 

Hezane 

0.H,. 

70* 

(2)  laopara^ns.  These  contain  an  atom  of  carbon  connected 
with  three  other  carbon  atoms,  the  other  carbon  atoms  being 
joined  by  single  linkage.  The  following  members  of  this  series 
arc  known ; 


Boiling  point. 


Trimetbylmethane,  CH  -i  CH,     - 17* 

Dimethylethylmethane,     CH-j  C^    +30° 
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Methyldiethylmetbane,     CH 


fOH, 
Dimethylpropylmctbane,  CH-<  CH, 

Dimetbylbutylmethaae,  CH-j  CH, 


Triethylmethane, 


rCE 
lc.H. 


(CH, 
Dimetbylheptylmetliane,  CH-jCH.      155'. 

(3)  Maopara^ns.  lo  these  two  or  more  carbon  atoms  occar, 
each  connected  with  three  other  atoms  of  carbon.  The  name  of 
this  class  is  derived  from  the  iact  that  they  stand  between  the 
foregoing  class  and  the  group  next  following  (liiaoi,  middle).^ 
The  following  terms  of  this  sories  are  known  :— 

BoIUng  petat. 

T»tt«mBtlirIeUi«i]»(CH,),CH.CH(CH,), 6s* 

TatrtmethylbaUni!  (CH,),CH.CH,CH,.CH[CH,), 109» 

PenUmetbylbntam  (CH,),CH.CH(CH,).CH,.CH(CH,),      ...  130" 

Trttwii8tbylbeMD«  (CH,),CH.CH,.CH^CHrCH^CH(CHJ, .    .  112*. 

(4)  Neoparaj^ns.  In  these  compounds  one  atom  of  carbon  is 
connected  with  four  other  carbon  atoms.  From  having  been 
lately  discovered  they  have  received  the  above  name.  The 
following  have  been  prepared : 

Boiling  iMrint. 
Tetramethylmethane,  C(CH,)^  9°-5 

Trimethylethylmethaoe,      C-|  ^q^^>       45' 

Dimethyldiethylmetbane,    C-jj^^¥       86". 

93  Modes  of  Preparaiicn.   Various  methods  may  he  employed 
for  the  preparation  of  the  parafBns.     Some  of  them  consist  in 
briagiog  together  two  alcohol  radicals,  and  thus  effecting  direct 
i  Odlinfc  Phil.  Uoff.  [51  i  S05. 
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synthesis,  as  in  reactions  1  and  2.     Another  method,  aa  in  re- 
actions 4,  o,  and  6,  is  thai  of  liberating  the  alcohol  radical  from 
a  compound  and  bringing  it  into  combination  with  hydrogen. 
PamfBos  are,  therefore,  obtained  by  the  following  reoctiona : 

(1)  An  alcoholic  iodide  is  heated  with  zinc  to  luO"  (Frank- 
land).  In  this  reaction  a  compound  of  the  radical  with  zinc  is 
first  formed,  and  this  is  decomposed  by  an  excess  of  the  iodide. 

(a)     2  Zn  +  2  C,HjI  -  Zd(G,H,),  +  Znl, 
(6)     Zn(C,HJ,  +  2  C^.I  =  2  C.H„  4  ZnT^ 

(2)  Sodium  acts  in  a  similar  way  to  zinc,  but  much  more 
readily  and  at  a  lower  temperature  (Wurtz).  If  a  mixture  of 
two  iodjdes,  sucb  as  those  of  ethyl  and  amyl,  be  employed,  the 
following  reaction  takes  place : 

CjHjI  +  CjH„I  +  2Na=  0,H„  +  2NaL 

At  the  same  time  the  hydrocarbons  butane  (diethyl)  and  tetra- 
methylhcxano  (diamylj,  C^^^^  are  formed  by  reactions  which 
are  readily  understood, 

Thes3,  however,  are  not  the  sole  products  either  of  this  or  of 
Fmnkland's  reaction,  inasmuch  as  a  small  portion  of  the  paraffins 
decompose  into  lower  members  of  the  paraffin  group  and  into 
the  hydrocarbons  of  the  series  CnHjc,.  Thus  by  the  action  of 
zinc  upon  ctliyl  iodide,  not  only  do  we  obtain  butane,  but  also 
ethane  and  ethylene : 

The  higher  membera  of  the  series  are  especially  apt  to 
undergo  such  decompositions.  Thorpe  and  Young  *  found  that 
when  solid  "parafGn"  is  repeatedly  distilled  it  yields  liquid 
paraffins  which,  according  to  their  boiling  points,  appear  to  be 
normal  ones,  the  whole  series,  beginning  with  pentone  and 
reaching  up  to  Cj^H^g,  being  present ;  and  at  the  some  time  the 
corresponding  hydrocarbons  of  the  series  CgHjn  are  produced. 

(3)  The  paraffins  may  be  obtained  synthetically  by  the 
electroly«s  of  the  fatty  acids  (Kolbe).  The  decomposition 
which  here  occurs  will  be  fully  described  under  the  particular 
acids.  The  first  paraffin  obtained  in  this  way  was  tetramethyl- 
bntane  or  dibutyl,  formed  from  valerianic  acid : 

2C,HyC00H  =  CaHjg+2C0j+H,. 

>  Chtat,  Sue.  Jaum,  zxtL  260. 
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(I)  Whea  an  alcoholic  iodide  is  heated  with  zinc  and  water 
to  150*  a  paraffin  ia  j^voduced,  wh«e  molecule  contains  the 
B<ime  number  of  carbon  atoms  aa  the  iodide : 

2  CjHjI  +  2  Zn  +  2HgO  =  2C,Hb  +  Znlj  +  Zn(OH)r 

In  this  case  alao,  the  zinc  compound  of  the  alcohol  radical  is 
first  formed,  and  this  is  at  once  decomposed  in  contact  vith 
water.  Hence  puro  paraffins  can  he  readily  obtained  by  bringing 
such  a  zinc  compound  into  contact  with  water,  which  acts  upon 
it  with  great  energy  : 

Zn(CjH^,  +  2H,0  =  ZoCOH),  +  2  C,H^ 

Certain  of  the  other  metallic  compounds  of  the  alcohol 
radicals  are  decomposed  by  water  in  the  same  way,  others, 
again,  such  as  the  mercury  compounds,  do  not  act  on  water,  hut 
are  easily  attacked  hy  acids  : 

Hg(C^,  +  HCl  -  C,H,  +  Hg(C,H^Cl. 

(5)  Nascent  hydrogen  effects  an  inverse  suhstitution  in  the 
iodides.  Thus  if  hesyl  iodide  he  brought  in  contact  with  rinc 
and  hydrochlisic  acid,  hexane  ia  formed : 

C,H„I+H,  =  C.H„+HI. 

The  following  reactions,  however,  take  place  at  the  same 
'  time 

(a)  2C,H„I  +  Zn-(:!,jHj,+  ZnT, 

(b)  CiA»-C«Hu  +  C,H,r 

thus  giving  rise  to  small  quantities  of  hezylene  anddodecana 

(6)  When  an  alcoholic  iodide  is  heated  with  an  excess  of 
hydriodic  acid  a  paraffin  is  formed  ti^ether  with  free  iodine. 
As  hydriodic  acid  converts  all  the  alcohols,  even  those  of  the 
polyvalent  radicals,  into  iodides,  the  alcohols  can  be  readily 
converted  into  paraffins.  Thus  when  mannitol  ia  heated  with 
hydriodic  acid  the  following  reactions  occur : 

(a)     CBH8(OH),  +  llHI=CeHuI  +  6HjO  +  5Ij 
(6)    C,H„I+HI-C,H,^+Iy 

Berthelot  ^  has  indeed  shown  that  when  a  lar^  excess  of  con- 
centrated hydriodic  acid  is  employed,  and  the  mixture  exposed 

'  Ann.  Chun.  Phjfs.  [4]  ix.  882. 
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to  a  btgb  temperature,  almost  every  carbon  compound  can  be 
converted  into  a  paraffin  or  a  mixture  of  these  substances. 
Thus,  for  example,  butyric  acid  and  succinic  acid  treated  in 
this  way  yield  butane : 

(a)     C,HaO,  +  6HI  =  C«H,u  +  2HjO  +  3Ij 
(6)     C.H,0.+  12HI-C,H„  +  4H(0+6If 
and  aniline  by  this  treatment  yields  bexane : 

CflHjN  +  llHI  -  OjHi,  +  NHJ  +  5lj. 

Wood,  coal,  and  even  charcoal  thus  treated  yield  mixtures  of 
paraffins.     Graphite,  on  the  other  band,  remains  unchai^d. 

As  free  iodine  may,  in  these  cases,  give  rise  to  complications,  it 
is  advisable  to  add  amorphous  phospboms  in  order  to  prevent 
the  liberation  of  iodine. 

(7)  Paraffins  are  likewise  formed  wheu  the  fatty  acids  or  acids 
of  the  series  CnHta-sO^  are  heated  with  alkalis.  Acetic  acid 
thus  treated  yields  metbane : 

CHyCO.ONa  +  HONa  =  CH^  +  CO(ONa)^ 

whilst  by  heating  suberic  acid  with  baryta  hexane  ia  obtained : 

C,H,j(COiH)j  +  2  Ba(OH).  -  C,H„  +  SBaCO.  +  2H,0. 

These  reactions  are,  bowever,  usually  not  simple  ones,  a  ku^er 
or  smaller  quantity  of  bye-products  being  at  the  same  time 
formed. 

93  The  hydrocarbons  obtained  by  dissolving  cast-iron  in  adds 
also  contain  paraffins.  By  dissolving  a  manganiferous  spiegel- 
iron  in  dilute  sulphuric  acid,  CIo€z  obtained  a  liquid  in  which 
the  series  of  paraffins  from  decane,  C,oHjj,  to  hecdecane,  CjgH,^ 
were  contained.^ 

Paraffins  are  also  formed  by  the  direct  distillation  of  wood, 
coal,  bituminous  shale,  fatty  oils,  resins,  animal  matter,  and  other 
organic  substances.  It  has  already  been  stated  that  Keichen- 
bacb  was  the  first  to  obtain  the  solid  members  of  the  series. 
In  this  way  he  also  obtained  a  mixture  of  the  lower  members, 
which  are  usually  liquids.  To  this  mixture  he  gave  the  name 
of  eupion  (cv,  good,  and  vto'f,  &t).  He  observed  that  these 
liquids  are  not  attacked  by  sulphuric  or  nitric  acid,  or  even  by 
potassium  or  tho  alkalis.'  Fi&iikland'  then  noticed  that  the 
•  lb.  IxxlT.  B7, 
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lower  boiling  portion  of  tliis  probably  consisted  of  pentane 
(amyl  hydride). 

Liquid  paraffins  occur  together  with  solid  products  in  very 
large  quantities  in  the  products  of  the  distillation  of  coal  or 
of  bituminous  shales  coataining  large  quantities  of  hydrogen, 
such  Ds  Boghead  cannel  (Greville  Williams),  and  cannel  coal 
(Scborlemmer).  From  their  boiling-points,  these  all  appear 
to  belong  to  the  normal  series  of  paraffins,  and  in  this 
respect  resemble  those  obtained  by  the  distillation  of  the 
lime-soap  obtained  &oin  Menhaden  oil  (the  oil  of  the  fish  ^loaa 
MenluideTi.)} 

Paraffins  also  occur  in  nature.  Several  are  contained  in  the 
different  kinds  of  petroleum.  That  which  \a  now  obtained  in 
such  enormous  quantity  from  Pennsylvania  consists  almost  ex- 
clusively of  normal  paraffins,  containing,  however,  together  with 
these,  small  quantities  of  isomerides,  whose  constitution  hns  not 
yet  been  ascertained,  as  well  as  other  series  of  hydrocarbons, 
such  as  the  groups  CbHjb,  CnH2n_B,and  probably  also  groups 
lying  between  these.* 

Petroleum  almost  always  contains  solid  paraffin.  Canadian 
petroleum  is  especially  rich  in  these  solid  products,  as  is  also 
that  obtained  by  the  distillation  of  Boghead  cannel.  Indeed, 
this  latter  substance  contains  a  portion  of  the  solid  paraffins 
already  formed,  as  may  be  shown  by  extracting  it  from  the 
mineral  with  ether.' 

Similar  compounds  occur  as  minerals  in  the  cosl  measures  aa 
well  -as  iu  the  deposits  of  brown-coal  and  bituminous  shale. 
These  ore  known  under  the  names  of  ozokerite,  hatchettite, 
mineral  tallow,  mineral  wax,  &c.  A  solid  paraffin,  which  pro- 
bably possesses  the  formula  C,bHjj,  is  contained  in  the  oil  of 
roses,  and  separates  out  in  the  crystalline  form  on  cooling 
the  oil. 

A  very  remarkable  occurrence  of  normal  heptane  has  lately 
been  observed  by  Thorpe  *  in  the  resin  from  a  Californion  pine 
{Pinus  sabiniana).  This  will  be  described  more  specially 
hereafter. 

()4  Application  of  Parajins.      Paraffin  as  obtained  on  the 

. '  WanvD  and  Stoi«r,  JTcm.  ^tmer.  Acad.  ix.  SOS. 

'  Scliorlcmmcr,  PkU.  Tratu.  1871,  vol  clxii.  pitt  i.  ^k  111  ;  Ckf-m,  Soc 
Jcrara.  [2],  viiL  218  ;  Warren,  SCtiaiaii'i  Amer.  Jovra.  x1.  bB,2t6  ;  rdooiaacd 
Culiours,  Oompt.  lUnd,  li*.  124t  ;  Am.  Chim.  Phya.  [4],  L  5. 

'  UoUpy,  Ann.  CAm.  Fharm.  ciy.  Bl. 

*  Cktm.  Svc.  Journ.  li"70. 
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raaDufacturing  scale  is  not  chemically  pure.  The  commercial 
products  always  consist  of  mixtures  of  parafBns,  and  frequently 
contaia  hydrocarbons  belonging  to  other  series. 

The  tar  obtained  by  the  distillation  of  bituminous  shale, 
Boghead  cannel,  brown-coal  or  peat,  is  worked  up  for  a  variety 
of  products,  of  which  the  most  important  are:  (1)  naphtha, 
chiefly  used  as  a  solvent ;  (2)  illuminating  oils,  known  in  com- 
merce as  kerosene,  photogene,  paraffin-oil,  solar  oU,  mineral 
sperm-oil,  &c. ;  (3)  lubricating  oils;  and  (4)  solid  paraffins,  used 
for  candle-making,  &c 

In  order  to  obtain  these  several  products,  the  crude  oil, 
after  it  has  been  separated  from  the  watery  products  of  distil- 
lation, is  distilled  a  second  time,  when  coke  reniaJus  behind. 
The  distillate  is  then  treated  with  caustic  soda  in  order  to 
remove  phenol  (carbolic  acid)  and  similu'  bodies  which  im- 
part a  disagreeable  Bmell  to  the  oil.  Then  it  is  brought 
in  contact  with  sulphuric  acid,  which  takes  up  certain  basic 
compounds  which  also  have  a  disagreeable  odour,  and  at  the 
same  time  decomposes  other  bodies  which  impart  a  dark 
colour  to  the  oil  It  ia  then  washed  with  water  and  dilute 
soda-lye  and  rectified.  The  first  product  which  comes  over 
is  the  naphtha,  the  second  distillate  is  the  illuminating 
oil,  and  alter  this  comes  the  portion  which  is  employed 
either  alone  or  mixed  with  other  suitable  oils  for  lubricating 
purposes.  As  soon  aa  the  distillate  b^ns  partially  to  solidify, 
the  receiver  is  changed,  the  solid  portions  being  allowed  to 
separate  out  in  a  cool  situation  as  long  as  they  will  crystallise. 
The  liquid  is  then  drawn  off  and  used  as  a  lubricant,  and  the 
solid  mass  fireed  from  the  adherent  liquid,  dried  in  a  centrifugal 
sieve,  and  then  pressed  in  hair  mats  placed  between  iron  plates 
heated  to  between  35°  and  40°,  The  solid  mass  is  then  melted 
and  heated  to  150°,  when  it  is  mixed  with  2  per  cent,  of  suU 
phuric  acid  in  order  to  decompose  all  adherent  impurities.  It 
is  next  washed  with  hot  water,  'and  kstly  crystallised  from 
solution  in  the  higher  boiliijg  portions  of  the  naphtha.  The 
mother-liquor  is  poured  o£f  from  the  ciystals,  and  any  adherent 
mother-liquor  removed  from  the  fused  mass  by  treatment  with 
superheated  steam.  The  solid  paraffin  thus  obtained  ia  white 
and  odourless.  As  it  is  a  mixture  of  different  compounds,  the 
melting-point  of  the  different  kinds  varies  between  40°  and  60°. 
When  warmed  in  the  air  at  a  temperature  above  120°,  it  begins 
to  evaporate,  and  at  the  same  tune  absorbs  oxygen,  and  becomes 
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yellow.     When  the  mass  la  extracted  with  ahwhol,  the  unaltered 
paraffin  dissolves,  a  eott  brown  elastic  mass  remaining  behind.' 

Solid  paraffin  is  also  obtuned  in  large  qnanUties  from  the 
impure  oaturally  occurring  ozokerite  or  mineral  wax.  This  is 
found  at  BorisIaT,  in  GalUcia.  and  elsewhere,  in  the  form  of  a 
yellow  solid  of  the  hardness  of  common  beeswax,  which  is 
purified  by  a  process  similar  to  that  just  descnbed. 

Solid  paraffin  is  chiefly  used  for  ^e  manu&cture  of  candles. 
It  is  also  used  in  chemical  works  and  laboratories  in  place  of 
oil  for  obtaining  constant  high  temperatures,  and  for  the  puipose 
of  rendering  caoutchouc  joints  tight. 

95  Petrcieum  (oleum  petrte),  also  known  as  rock-oil  or 
naphtha.  Herodotus  states  that  a  substance  known  as  pit- 
aa^Jialtum  was  obtained  from  the  island  of  Zante,  and  was  used 
for  the  purpose  of  embalming.  Plutaich  mentions  the  occurrence 
of  the  burning  oil  at  Ecbatana,  and  Dioscorides,  as  well  as  Pliny, 
state  that  the  rock-oil  from  .Ajpiigentam  in  Sicily  was  used  for 
illuminating  purposes. 

Other  localities  in  which  springs  of  rock-oil  occur  have  been 
known  for  many  centuries.  These  natural  oils  remained,  how- 
ever, for  a  long  time  almost  unused,  only  small  quantities  of 
the  product  coming  into  the  market,  and  being  chiefly  employed 
either  for  medicinal  purposes  or  as  lubricants.  These  sub- 
stances were  not  introduced  on  the  large  scale  until  the  year 
1859,  when  the  renuu-kable  petroleum  industry  of  the  United 
States  arose,  and  the  demand  thus  aroused  soon  stimulated  the 
production  in  other  countries, 

.  Petroleum  is  an  unpleasant-smelling  substance  which,  accord- 
ing to  its  pLice  of  occurrence,  is  either  a  colourless  or  yellowish 
liquid,  usually  possessing  a  bluish  lustre,  or  a  brown  or  black 
semi-solid  buttery  mass,  gradually  approaching  in  appearance 
the  various  minerals  known  as  mineral-pitch,  asphalt,  or  mineral 
resiQ,  which  have  been  formed  either  by  the  volatilization  <^ 
the  liquid  hydrocarbons  or  by  their  gradual  oxidation.  The 
di£ferent  kinds  of  petroleum  are  all  mixtures  of  a  number  of 
hydrocarbons  occurring  in  varying  proportions. 

Petroleum  is  found  in  almost  all  the  geological  formations  from 
the  oldest  up  to  the  most  recent  of  the  stratified  rocks.  The 
oil-region  of  Pennsylvania  is  a  jiairoVf  band  about  60  miles 
in  length,  lying  between  Pittsburg  and  I^e  Erie.      It  occurs, 

>  BoUej,  Sdivxit.  Polyi.  ZeUtch.  ziii.  9B. 
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Ulce  the  Canadian  deposits,  in  the  Devonian  formation.^  These 
latter  extend  over  a  large  area,  lying  between  Lake  Erie  and 
the  River  Hudson.  The  deposits  in  Ohio,  Virginia,  Tennessee, 
Kentucky,  and  CaUfomia  are  of  less  nutgnitude. 

A  variety  of  theories  have  been  broached  to  explain  the 
origin  of  the  petroleum  sprii^^s.^  That  which  is  generally 
received  Is  that  petroleum  is  a  product  of  decomposition 
of  organised  mateiiaL  On  the  other  hand,  Byasson*  and 
Mendelejeff*  are  of  opiiiion  that  it  is  produced  by  the  infil- 
tration of  water  into  the  interior  of  the  eturth,  where,  coming  in 
contact  with  molten  iron  or  other  metals  containing  combined 
carbon,  it  forms  petroleum  exactly  as  a  similar  mixture  of  hydro- 
carbons is  obtained  by  the  solution  of  cast-iron  in  dilute  acids. 
This  hypothesis  is  rendered  somewhat  more  probable  by  the 
observation  mode  by  Silvestri  ^  of  the  occurrence  of  petroleum 
in  certain  lavas  of  £tna.  This  amounts  to  1  per  cent,  of  the 
solid  lava,  and  consists  partly  of  liquid  products  bculing  from 
79°  to  400°,  and  partly  of  solid  paraffins. 

In  addition  to  the  above-mentioned  sources  of  petroleum,  the 
following  rock-oil  springs  are  of  importance.  Those  already 
mentioned,  situated  in  the  island  of  Zante ;  those  in  the  Crimea 
and  the  Caucasus,  where  at  Baku,  on  tba  west  shore  of  the 
Caspian,  the  sacred  fire  has  burnt  for  an  unknown  period,  and 
where,  especially  in  summer,  the  springs  are  so  powerful  that 
a  jet  of  oil  issues  to  a  height  of  30  feet.  Other  well-known 
sources  of  petroleum  occur  in  Persia,  Burmah,  India,  China,  in 
Trinidad,  Barhadoes,  &a.  In  Europe  petroleum  is  also  found 
in  Italy,  Qallicia,  Bavaria,  Hanover,  Holstein,  and  Alsace. 

96  TAs  Fetrdeum  and  Paraffin  Oil  Manufacture  took  its  rise  in 
England  about  the  year  1847,  when  a  spring  of  dense  petroleum, 
having  a  specific  gravity  of  O'O,  was  discovered  in  a  coal  miae  at 
AlEreton,  in  Derbyshire,  by  Dn  Lyon  Flayfair,  who  communicated 
the  £act  to  Mr.  James  Young  and  Mr,  Meldrum.  In  conjunction 
with  %[r.  Ueldrum,  Mr.  Young  succeeded  in  rendering  Uiia 
available  for  a  period  of  two  or  three  years.  After  this  period 
the  spring  was  exhausted,  and  it  became  necessary  to  seek  for  a 
source  from  which  a  material  similar  to  petroleum  could  be  ob- 
tained.    Commoii  coal,  such  as  that  from  which  Reichenbach 

1  DU  PeiTOlatmijidutlrU  Kordaaurihu,  Wian,  1877. 

*  Sttuf  BandaSrttrb'j/X,  iii.  89. 

f  MimU.  ScUnUf.  187«,  1077.  *  Rimi4  ScStiUif.  1877.  *09. 

*  001.  Chim.  Ital.  18T7,  1  j  ZtiUA.  Eryd.  L  402. 
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tirst  obtained  paraffin  oil  and  paraffin,  yields,  however,  so  small 
Dii  amount  of  tar  products  on  distillation  that  it  woa  impossible 
to  employ  this  as  a  source  of  petroleum.  Mr.  Binney  found 
aaotber  natural  source  of  petroleum  in  a  peat  bog  at  Down- 
holland,  and  he  endeovoured,  unsuccessfully,  to  obtain  this 
substance  artificially  by  the  destructive  distillation  of  the  peat. 
Another  material  was,  however,  discovered,  somewhat  approxi- 
mating to  coal,  or  intermediate  between  bituminous  shale  and 
what  is  commonly  known  as  coal,  at  Bathgate,  in  Scotland,  and 
this  was  being  introduced  for  gaa-mahing  under  the  name  of 
Boghead  gas-coal  just  about  the  time  when  the  exhaustion  of  tbo 
petroleum  spring  in  Derbyshire  caused  Messrs.  Binney  and  Young 
to  search  for  another  source  of  paraffin  for  the  preparation  of 
lubricating  and  burning  oils.  After  many  trials  with  other 
materials  Mr.  Young,  in  1850,  became  acquainted  with  the 
Boghead  or  Torbone  Hill  mineral,  and  found  that  it  yielded  on 
distillation  an  unusually  large  amount  of  paraffin.  He  at  once 
obtained  a  patent  (No.  13,292)  for  the  manufacture  of  oils  from 
it,  and  thus  founded  the  well-known  works  at  Bathgate,  which 
exist  to  the  present  day,  for  the  preparation  of  paraffin  oils  and 
solid  paraffin. 

97  American  OU-wcllt.  The  occurrence  of  petroleum  in  Penn- 
sylvania had  long  been  known,  and  the  Indians  were  in  the 
babit  of  employing  it  as  a  medicine  for  outward  application. 
At  the  beginning  of  this  century  a  gallon  of  this  rock-oil  cost 
upwards  of  £4,  but  in  the  year  1843  its  price  had  sunk  to  five 
shillings.  The  first  proposition  to  employ  bore-boles  for  obtain- 
ing a  supply  of  the  petroleum  was  made  by  G.  H.  Bissel,  and 
on  the  27th  August,  1859,  Mr,  Drake  opened  the  first  bore-bole 
at  Titusviilc.  This  gavo  a  daily  yield  of  880  gallons  of  oil. 
Shortly  afterwards  the  oil  mania  broke  out,  and  this  reached  its 
maximum  in  the  year  1861,  when  Funk  bored  the  first  flowing- 
well,  which  yielded  daily  about  10,000  gallons,  and  shortly  after- 
wards another  spring  which  yielded  over  100,000  gallons  per  diem. 
Since  this  time  a  large  number  of  equally  fruitful  wclla  have 
been  bored. 

Crude  petroleum  was  first  worked  up  for  illuminating  oil, 
which,  as  soon  as  improved  lamps  for  burning  petroleum  were 
introduced,  became  widely  used  throughout  Europe,  thus  giving 
rise  to  the  petroleum  industry  in  Canada,  Qallicia,  and  other 
places.  The  oil  wells  of  Pennsylvania  yield  annually  over  twenty 
million  of  gallons  of  oiL 
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The  oil  is  aocompanied  by  a  considerable  qoaatlt;  of  gaseous 
products.  These  chiefly  consist  of  hydrogen,  morsh-gas,  aod 
etboue.'  The  amouat  of  the  gtts  thus  evolved  is  in  some 
localities  so  large  that  it  is  used  not  only  at  the  spot  where 
it  issues  for  heating  and  illuminating  purposes,  but  ia  carried 
in  pipes  for  very  considerable  distances  serving  to  heat  boilers, 
blast-furnaces  and  puddling-fu maces,  &c. 

The  following  description  from  the  pen  of  Professor  Lawrence 
Smith  '  gives  some  idea  of  the  size  of  these  gas-springs : — "  The 
principal  oil-wells  are  found  in  Butler  county,  Pennsylvania,  lat. 
40°  30',  long.  80°.  Wells  of  minor  importance  are  also  found 
in  the  neighbouring  counties.  The  two  most  productive  wells 
oro  those  of  Burns  and  Xlelameter,  about  30  miles  from  Pitts- 
burg. Their  depth  ia  about  1,600  feet,  for  they  are  bored  down 
to  the  fourth  layer  of  sand.  The  Bums  well  has  never  given 
oil,  but  the  one  at  Delameter  was  a  petroleum  well  of  1,600 
liters;  it  now  gives  gas  at  such  a  pressure  that  plummet-lines 
weighing  800  kilos  can  be  drawn  out  of  it  with  the  hand.  Tho 
Delameter  well  is  situated  in  a  valley  surrounded  by  mountains, 
and  furnishes  heat  and  light  to  the  whole  neighbourhood.  A 
large  number  of  pipes  diverge  from  this  well ;  one  conducts  the 
gas  direct  to  the  cylinder  of  an  engine  which,  with  this  pressure 
alone,  acquires  on  enormous  speed.  Another  pipe  feeds  a  flamo 
capable  of  reducing  as  much  iron-ore  as  half  the  blast-furnaces 
of  Pittsburg  can  put  out  in  a  day.  Twenty  yards  further  on  is  the 
mainpipe  of  the  wells ;  from  a  pipe  3  inches  in  diameter  issues 
a  flame  40  feet  high,  the  noise  of  which  shakes  the  hills.  For 
a  distance  of  50  feet  round  the  earth  is  burnt  up ;  but  further 
off  the  vegetation  ia  tropical,  and  enjoys  a  perpetual  summer. 
On  a  calm  night  the  noise  can  be  heard  at  a  distance  of  15 
miles ;  at  4  miles  the  noise  is  like  that  of  a  train  passing  near, 
whilst  close  by  it  resembles  that  of  a  thousand  locomotives 
blowing  off  steam.  At  the  distance  of  a  furlong  the  noise  is 
like  the  continued  roar  of  artillery,  the  human  voice  con  scarcely 
be  heard,  and  the  Same  reaches  a  height  of  70  feeL  In  winter 
the  surrounding  mountains  are  covered  with  snow,  but  on 
two  acres  around  the  well  the  gross  is  green,  except  in  the 
immediate  neighbourhood,  where  the  soil  resembles  lava." 

The  oil,  which  either  flows  from  the  wells  or  is  pumped  up, 
also  contains  gaseous  paraffins  in  solution,  especially  ethane. 
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propane,  and  butane.*  These  gaBes,  vhich  are  given  off  in  the 
distilUtton  of  the  crade  oil,  are  again  condensed  by  pressure, 
and  the  liquor  obtained,  consiating  tnainlj  of  butane,  is  termed 
eymogent,  and  ia  employed  for  the  production  of  artilicial  cold. 
The  products  boiling  at  about  18°  are  known  as  rhigolene,  and  it 
has  been  suggested  to  employ  this  as  an  antesthetic  agent. 

The  products  boiling  up  to  about  170°  are  distinguished 
as  gazoline,  naphtha,  and  benzine,  ligroio,  or  petroleum-sunlit. 
Tbese  are  partly  used  fur  illuminating  purposes,  specially  con- 
structed lamps  being  employed'  for  burning  them ;  or  they  are 
used  for  saturating  air  or  hydrogen,  the  mixture  of  vapour 
and  gas  being  burnt  in  an  ordinary  gas-burner.  Another  use  of 
petroleum-spirit  is  as  a  substitute  for  turpentine,  as  a  solvent 
for  india-rubber,  and  for  oil  in  the  woollen  manufacture,  &c. 

The  oil  boiling  above  170°  is  termed  "  standard  kerosene," 
or  ."mineral  aperm"  oil,  having  a  "flashing-point"  of  150°  F., 
and  is  used  for  burning  in  the  ordinary  paraEBn  lamps. 

According  to  the  Act  passed  in  1871  "  for  the  safe  keeping  of 
petroleum,"*  no  oil  can  be  sold  which  evolves  combustible 
vapour  at  a  temperature  of  1 00°  F.  (37°-8  C).  • 

At  the  request  of  the  Government,  Professor  Abel  has  lately 
investigated  the  various  methods  in  use  for  determining  the 
"  flaabing-point "  of  petroleum.  He  finds  these  to  yield  unsatis- 
&ctOTy  results,  and  he  proposed  a  new  system  of  testing  which 
has  now  been  adopted  by  Qovemment,  and  embodied  in  an  Act  of 
Parliament.  A  standard  apparatus  for  this  purpose  is  placed  in 
charge  of  the  Weights  and  Measures  0£Gce,  and  every  apparatus 
has  to  be  stamped  and  tested  so  as  to  be  identified  as  a  legal 
apparatus.  The  flashing-point  of  73°  as  furnished  by  the  new 
test  is  equivalent  to  the  minimum  flashing-point  of  100°  as 
obtained  by  the  older  methods. 

Preparalion  of  the  Normal  Paraffi,na  from  Petroleum.  It  has 
already  been  mentioned  that  Pennsylvanian  petroleum,  as  well 
OS  the  lighter  oils  obtained  &om  Boghead  cool  and  cannel, 
contain  the  normal  paraffins.  In  order  to  obtain  these  in  the 
pure  state,  Qrevillo  Williams  decomposes  the  mixtures  which 
are  contained  in  the  petroleum  by  carefully  treating  the  oil 
with  concentrated  nitric  acid,  when  the  other  hydrocarbons,  &c., 
axe  partly  oxidised  and  partly  converted  into  heavy  volatile 
nitro-compounds.  As,  however,  concentrated  nitric  acid  acts 
very  violently  on  the  mixture,  and  sometimes  may  even  cause 

>  BonaUs,  Jaum.  Chem,  Sac  xvUi.  S4.  *  Si  &  85  Vict,  c  lOS. 
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tbe  igniUoii  of  the  oil,  it  is  better  iirst  to  shake  the  oil  re- 
peatedly with  concentrated  sulphuric  acid  until  the  substance 
is  no  longer  coloured,  asd  then  to  act  on  the  residue  irith  con- 
centrated nitric  acid,  or  with  a  mixture  of  the  commercial  acid 
and  sulphuric  acid.  When  no  further  action  takes  place,  the 
oil  is  Beparated  from  the  acid,  washed  with  water  and  caustic 
soda  sdutioD,  and  dried  over  solid  caustic  potash.  It  is  then 
distilled  in  order  to  separate  it  from  any  adherent  nitro-coro- 
pounds,  and  repeatedly  rectified  over  sodium,  when  it  may  be 
separated  into  its  constituents  by  repeated  fractional  distillation. 
As  this  process  is  very  often  employed  for  the  separation  and 
purification  of  volatile  bodies,  we  shall.here  shortly  describe  it 


FRACTIONAL    DISTILLATION. 

gS  When  a  mixture  of  two  liquids  whose  boilii^-points  do 
not  lie- close  together  is  subjected  to  distillation,  a  lat|^  portion 
of  the  more  volatile  body  comes  over  at  the  beginning; 
but  the  boiling-point  gradually  rises,  and  more  and  more  of 
the  vapour  of  the  less  volatile  mixes  with  that  of  the  more 
volatile  compound.  It  is  only  wh^i  the  difference  between 
the  boiling-points  of  the  two  bodies  is  very  considerable 
that  }t  is  possible  to  effect  an  almost  complete  separation 
by  one  distillation.  In  such  a  ca«e,  when  the  operation  is 
carried  on  very  slowly,  the  more  volatile  body  distila  at  a  nearly 
constant  temperature ;  and  as  soon  as  all  has  passed  over,  the 
thermemeter  rises  rapidly  to  the  boiling-point  of  the  less  volatile 
compound.  But  in  most  instances  it  is  impossible  to  obtain 
even  an  approximate,  separation  by  one  distillation  only.  By 
collecting  soparately  the  portions  distilling  between  certain 
intervals  of  temperature,  say  between  each  5°  or  10°,  tbe  first 
will  consist  chiefly  of  the  lower  boiling  body,  and  the  last  of 
the  less  volatile  substance,  whilst  the  composition  of  the  greater 
portion,  boiling  between  these  two  points,  remains  very  similar 
to  that  of  the  original  mixture. 

Tbe  following  example  shows  how  imperfectly  even  bodies 
whose  boiling-points  do  not  lie  close  t<^ther  can  be  separated 
by  one  distillation,  A  mixture  of  100  grams  of  ethyl  alcohol 
(boiling-point  73°'4)  and  100  grams  of  amyl  olcohol  (boiling- 
point  132°)  was  distilled  from  a  long-necked  flask,  and  the 
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distillate  collected  in  seven  fracUoiis,  the  composition  of  which 
was  found  by  optical  analysis  to  be  as  follows : 

BoTJaa-potot        .       .       . 
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Four  grams  of  pure  amyl  alcohol  remained  in  the  flask. 

It  is  not  difficult  to  explain  why,  in  such  a  distillation, 
the  less  volatile  body  distils  bo  much  below  its  boiling-point. 
As  ia  well-known,  all  volatile  bodies  evaporate  below  their 
boiling-points,  and  this  takes  place  with  the  greater  facility  the 
higher  the  tension  of  the  vapour  and  the  quicker  the  surround- 
ing atmosphere  is  changed.  Now  these  conditions  are  fulfilled 
on  boiling  a  mixture  of  two  liquids ;  the  vapour  of  the  lower 
boiling  body  carries  that  of  the  less  volatile  substance  with  it 
on  passing  through  the  mixture,  and  being  quickly  condensed, 
a  new  atmosphere  ia  constantly  formed. 

In  ordinary  cases  such  mixtures  contain  more  than  two  com- 
poundsL  Thus  the  so-called  iiisel-oil  is  a  mixture  of  several 
homologous  alcohols.  In  order  to  isolate  from  such  mixtures 
tolerably  pure  compounds,  the  different  fractions  obtained  in 
the  first  distillation  must  again  be  submitted  to  the  same 
operation,  and  those  portions  which  distil  between  the  same 
intervala  of  temperature  collected  separately,  and  this  process 
repeated  until  bodies  with  a  nearly  constant  boiling-point  have 
been  obtained.  A  complete  separation,  however,  cannot  be 
effected  in  this  way;  since  the  substances  obtained  by  this 
method,  although  they  may  have  a  constant  boiling-point,  are 
never  perfectly  pure,  and  require  to  be  afterwards  treated  by 
some  different  jiroceaa  to  ensure  their  perfect  purity. 

gg  The  apparatus  used  for  the  purpose  of  fractional  distilla- 
tion in  the  laboratory  is  that  suggested  by  Wiirtz  and  shown 
in  Fig.  5i,  The  flask  A  contains  the  boiling  mixture ;  the 
vapours  of  the  hydrocarbons  pass  into  the  bulb-tube  c,  in  which 
a  thermometer  is  placed,  and  the  lesi  volatile  portions  are  here 
partly  condensed  as  the  vapour  comes  in  contact  with  a  large 
surface  cooled  by  the  atmosphere.     The  vapour  which  is  not 
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condenaed  passes  next  into  the  Llebig's  condenser,  c,  surrounded 
by  cold  water,  and  from  this  the  liquid  can  be  collected  in  various 
{ractionB  in  the  receivers. 

LiDnenmnn '  has  improved  on  this  method,  inasmuch  as  he 
places  cups  of  platinum  gauze  in  the  upright  tube  through 
which  the  vapour  passes  (Figa,  55  and  56),  The  liquid  con- 
denses on  these,  and  falls  back  through  the  meshes.  The  vapours 
are  thus  washed  by  the  liquid,  and  come  in  contact  with  a  column 
of  liquid  whose  temperature  is  always  lower  than  that  of  the 
mass  of  the  liquid  in  the  flask.     When  this   apparatus  is  ia 


rio.  SI. 

use,  the  tube  and  bulbs  gradually  become  filled  with  liquid  and 
all  the  vapour  is  condensed.  It  is  therefore  necessary  to  remove 
the  flame  from  time  to  time  in  order  that  the  liquid  may  flow 
back  again.  In  this  way  the  process  of  distillation  is  rendered 
slower,  and  an  improvement  has  been  introduced  by  the  attiich- 
ment  of  side-tubes  to  the  bulbs  (Figs.  57  and  58),  down  which 
the  condensed  liquid  flows  regularly  back  into  the  flask. 

xoo  An  apparatus  somewhat  difTerent  from  this  Iios  been  em- 
ployed by  Warren  *  in  the  fractional  distillation  of  tar-oils  and 
*  ^m.  Chtnu  Pkarm.  dx.  IBS.  '  -Atai.  Chem.  Pharm,  Suppl.  iv.  SI. 
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petroleutno.  This  pennita  a  complete  control  over  the  tempemtura 
of  tho  vapour,  accomplished  hy  an  air-bath  (a  a.  Fig.  59),  round 


which  a,  spiral  tube  is  placed,  connected  with  the  boiling-flask. 
The  temperature  of  this  air-bath  is  regulated  by  a  lamp.     The 
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liquid  used  for  faenting  the  air-bath  may  be  either  water,  oil,  or 
fusible  metal,  and  into  this  the  thermometer  (t)  is  placed.  The 
boiling  of  the  liquid  wid  the  temperature  of  the  bath  are  bo 
regulated  that  the  liquid  boils  somewhat  rapidly.  In  distil- 
ling petroleum  the  difference  in  temperature  between  the  boil- 
ing liquid  and  the  air-bath  was,  to  begin  with,  about  35" 
or  even  more.  This  difference  became  gradually  smallei  as 
the  various  fractions  were   redistilled,  until  at  lost  it  almost 


disappeared.     An  apparatus  of  a  similar  kind,  but  on  a  larger 
scale,  as  used  by  Warren,  is  shown  in  Fig.  GO. 

loi  Even  the  appro3imate  sepanttion  of  volatile  substances 
cannot,  however,  always  be  carried  out  by  frsctional  distillation, 
oven  when  ibe  boiling-points  are  considerably  removed  from 
one  another.  Thus,  for  exampla,  if  a  mixture  ^f  aniline  boiling 
at  182"  and  water  be  distilled,  the  aniline  distils  over  tint,  In 
such  a  case  the  boiling-point  of  the  mixture  is  frequently  lower 
than  that  of  the  more  volatile  body.  Pierre  and  Puchot '  found 
>  Comtit.  Bend.  Izsiii.  CSB,  788. 
128 
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tliat  a  mixture  of  water  and  of  amyl  alcohol,  which  boils  at 
132",  begins  to  boil  at  96",  and  the  distillate  cont^oa  2  volumes 
of  water  to  3  of  amyl  alcohol.  Similar  obseirations  have  beeo 
made  with  other  mixturea 

Wanklyo '  has  shown  that,  when  a  mixture  of  equal  parts  by 
weight  of  two  hquids  of  different  boiling-poiuta  is  distilled,  the 
quantity  of  each  constituent  in  the  distillate  is  proportional  to 
the  product  of  its  vapour  denedty  and  vapour  tension  at  the 
temperature  of  ebullition  of  the  fraction.  Hence,  if  the  vapour 
teuaioiis  and  vapour  densities  of  the  two  liquids  are  proportional, 
the  mixture  will  distil  unchanged.  Berthelot  has  confirmed  this 
conclusion.  He  found  that  a  mixture  of  90*9  parts  of  carbon 
disulphide,  which  boils  at  46°,  and  91  parts  of  ethyl  alcohol, 
boiling  at  TS"-!,  possesses  a  constant  boiling-point  of  TS''^, 
and  distils  without  uodei^ing  any  alteration  in  composition. 
Thorpe  *  has  added  another  example  in  corrob-iration  of  this 
conclusion,  as  he  observed  that,  when  a  mixture  of  equal  volumes 
of  carbon  tetrachloride,  boiling  at  76°'6,  and  methyl  alcohol, 
boiling  at  6o°'2,  is  distilled,  405  per  cent,  of  the  whole  boils 
between  55°'6  and  59°,  that  is  to  say,  nearly  10"  lower  than  the 
boiling-point  of  the  most  volatile  constituent.  The  distillate 
contains,  to  1  part  of  methyl  alcohol,  3'Cl  parts  of  tetrachloride 
of  carbon,  and  by  multiplying  the  vapour  tensions  of  the  two 
liquids  at  55°'7  by  their  vapour  densities  almost  exactly  the 
same  relation  is  obtained : 

372-4  X  7C-69 


487-4  X  15-97 


=  3-67. 


When  the  residue  is  distilled  further,  almost  pure  tetra- 
chloride of  carbon  comes  over  first,  and  afterwards  pure  methyl 
alcohoL 

A  striking  lecture  experiment,  illustrating  the  effect  of 
the  admixture  of  the  two  liquids,  is  to  lill  three  barometer 
tubes  with  mercury  and  to  pass  up  into  the  first  a  few  drops  of 
methyl  alcohol,  into  the  second  a  few  drops  of  carbon  tetra- 
chloride, and  into  the  third  a  small  quantity  of  a  mixture  of 
methyl  alcohol  and  carbon  tetrachloride  in  the  proportion  of 
3  cbc  of  the  former  to  5  cbc  of  the  latter.  In  the  first  tube 
the  mercury  will  be  depressed  about  80  mm.,  iu  the  second 
70  mm.,  whilst  in  the  third  it  will  sink  through  130  mm. 
(Thorpe). 

•  FhiL  ir<v-  in  xlv.  129.  »  Jbunt.  Chem.  Si>e.  1879,  544. 
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THE  COMPOUNDS  OP  THE  MONAD  ALCOHOL 
RADICALS. 

CnHtB  +  l. 

X02  In  the  following  chapter  will  be  found  a  short  description 
of  the  chief  fianilies  of  the  above  Gompotinds,  airanged  in  the  order 
in  which  their  chemical  history  will  be  conndered  in  the  sequel. 

These  compounds  are  dmved  irom  the  paraSSna  by  tho 
substitutioD  of  one  atom  of  hjdn^en  by  other  atoma  or  groups 
of  atoms.  They  may,  therefore,  be  regarded  as  compounds  of 
monad  radicals,  to  which  the  name  of  tht  aieohoi  rt^ioais  has 
been  given,  because  the  alcohols  were  the  first  compounds  of 
these  bodies  which  were  studied,  and  even  to  the  present  day 
these  bodies  are  employed  aa  the  point  of  departure  for  the 
preparation  of  the  other  compounds. 

Ths  AlcohoU  are  hydroxides,  and  in  many  cases  exhibit 
analogous  properties  to  the  hydroxides  of  the  metals.  Hence 
Liebig,  when  he  established  the  radical  theory,  compared  ethyl 
alcohol  to  caustic  potash.  The  latter  substance  was  then  sop- 
posed  to  be  a  compound  of  potassium  oxtdo  with  water,  <x 
hydrated  potash,  and  alcohol  waa  accordingly  considered  as  the 
hydrate  of  ethyl  oxida  According  to  the  theory  of  types,  it  was 
considered  as  water,  in  which  1  atom  of  hydrogen  is  replaced  by 
ethyl,  but  it  may  just  as  truly  be  considered  to  be  ethane,  in 
which  1  atom  of  hydrogen  has  been  replaced  by  hydroxyl,  or, 
in  other  words,  it  is  formed  by  the  union  of  two  monad  residues, 
ethyl,  CjHj,  and  hydroxy],  OH. 

Etfurtal  Salts  or  Compound  Eihers.  The  alcohola  are  con- 
verted by  the  action  of  acids  into  compound  ethers,  the  alcohol 
radical  re^dacing,  either  partially  or  wholly,  the  hydrogen  of  the 
acid: 

Ethyl  chloride. 

(a)  CsHj-OH  +  HCI  -  C^Cl  +H,0. 

Ethjl  nitnte. 
(6)  C,H,.OH  +  HO.NO,   =^G^fi3iO,   +H,0. 

Hydirstii  ethyl  ralphata, 

(.)  CAOH+|g}so,.™^o}so,+H,o. 

Other  modes  of  formation  of  compound  ethers  may  be 
mentioned  ; 
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(a)  A  silver  salt  ia  heated  with  an  alcoholic  iodide  : 
AgjCO,  +  2C,H,I  =  CC,H^,CO,  +  2  AgL 

(I)  Absolute  alcohol  is  acted  on  by  an  acid  chloride : 
POClg  +  3H0.C,H,  «  PO(00,Hj)j  +  3HCL 
SiCl.  +  4H0.C^  =  Si(OC,H^^   +4Ha 

(c)  A  salt  of  the  correspondiog  acid  is  distilled  with  a  salt  of 
ethyl — sulphuric  acid,  or  other  correapoBdiog  alcoholic  solphate : 

KCIO.  +  K(C,Hj)SO.  -  C^j.CIO.  +  K^O,. 

The  alcohols  can  again  be  obtuoed  from  the  ethereal  salts  or 
compound  ethers  by  heating  them  with  an  alkali,  thus : 

C^^O.NO,  +  KOH  =  C,H,OH  +  KO.NO^ 

Sidoid  EtKen.  The  compounds  of  the  alcohol  radicals  with 
the  elements  of  the  chlorine  group  are  termed  haloid  ethers. 
These  are  formed  in  a  variety  of  ways.  Thus,  for  example,  the 
chlorides  and  bromides  are  obtained  by  the  action  of  the  corre- 
sponding haloid  elements  on  the  paraffins,  and  also  by  the  action 
of  the  corresponding  phosphorus  compounds  on  the  alcohols : 

(a)  C^Hj-OH  +  PCI,  =C,H,Cl  +  POCl,  +  Ha 
(6)  C,H,.OH  +  PBr,-C^Br  +  POBr,  +  HBr. 

When  an  excess  of  alcohol  is  present,  the  hydiacid  formed  as 
well  aa  the  pbosphoryl  compound  react  upon  it,  the  amotint  of 
the  haloid  ether  being  increased : 

3CA0H  +  POCl,  =  3C,H,C1  +  PO(OH), 

In   this  case,   howerer,   the   free   phosphoric  acid   acts    upon 
another  portion  of  the  alcohol,  and  a  phosphate  is  produced. 

In  order  to  prepare  the  iodides,  the  alcohols  are  heated  with 
concentrated  hydriodic  acid,  or,  better,  they  are  treated  directly 
with  iodine  and  amorphous  phosphorus : 

6CjH,0H  +  61  +  P  =  5C,H  J  +  H^^  +  H,0. 

The  alkalis  usually  act  on  the  haloid  ethers  in  a  different 
way,  and  instead  of  obtaining  the  alcohol,  the  hydracid  is 
separated  and  an  olefine  formed.  Hence,  in  this  case,  freshly 
precipitated  moist  silver  oxide  is  usually  employed,  and  this  acta 
as  if  it  were  the  hydroxide  AgOH. 
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The  alcohols  may  also  be  readily  obtained  from  the  haloid 
ethers  by  conTerting  the  latter  into  the  ethereal  salts  of  organio 
acids  and  then  decomposing  those  by  alkalis.  The  same  end 
may  likewise  be  attained  by  heating  the  haloid  ethers  with 
water  under  pressure : ' 

C.H(,C1  +  H,0  =  C.H,OH  +  HCl. 

This  reaction  serves  as  a  striking  example  of  the  influence  of 
mass,  for  whilst  fuming  hydrochloric  acid  easily  converts  butyl 
alcohol  into  the  chlorido  and  water,  exactly  the  opposite  reaction 
takes  place  in  presence  of  a  la^e  quantity  of  water,  inasmuch 
as  a  weak  acid  does  not  attack  the  alcohoL  Hence  it  follows 
that,  when  an  alcohol  is  heated  with  an  acid,  not  in  excess,  a 
condition  of  equilibrium  is  attained  when  the  acid  becomes  so 
dilute  that  its  action  ceases. 

103  Simple  and  Mixed  Ethera  are  formed  when  the  hydrogen 
of  an  alcoholic  hydroxyl  is  replaced  by  an  alcohol  radical.  Hence 
these  bodies  are  oxides  of  the  radical,  standing  in  the  same 
relation  to  the  alcohols  as  potassium  oxide  does  to  caustic  potash. 
These  bodies  can  be  obtained  by  a  variety  of  reactions : 
(1.)  The  alkali-metals  dissolve  in  alcohols  with  evolution  of 
hydrr^n.  Sodium  and  ethyl  alcohol  thus  form  sodium  ethylate, 
CjHj.ONa,  and  if  this  be  warmed  with  ethyl  iodide,  ethyl  oxide 
or  diethyl  other  is  obtained: 

Ethers  which  contain  the  same  radical  twice  are  termed 
simple  ethers,  whilst  those  which  contain  two  different  alcohol 
radicals  are  termed  mixed  ethers.    If  in  the  above  reaction  ethyl 

iodide  be  replaced  by  methyl  iodide,  methyl-ethyl  ether,  n  i|  f  *5' 
is  obtained. 

(2.)  Ethers  are  also  formed  when  the  alcohols  are  heated 
with  concentrated  sulphuric  acid.  In  this  cose  the  alcoholic 
hydrogen  sulphate  is  first  formed,  and  this  is  decomposed  by 
the  excess  of  alcohol,  as  follows : 


SO.{OC.H.,C.H^Jo_O.H.|o,so.{OH. 

'ay.     T 
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methyl-ethyl   ether   is   obtained  by   heating   hydrc^n   ethyl 
sulphate  with  methyl  alcohol. 

(3.)  When  an  alcohol  is  heated  with  an  iodide,  an  ether  is  also 
formed,  and  this  occurs  when  concentrated  bydriodic  acid  is 
heated  with  an  excess  of  alcohol,  the  following  reactions  taking 
place: 

(1)  C^H^.OH  +  HI-CjHiJ  +  HjO. 

(2)  C,H„l  +  CjHuOH=(C,HJ.O  +  HI. 

A  small  quantity  of  hydriodio  acid  suffices  to  convert  a  large 
quantity  of  alcohol  into  ether.  The  reaction  continues  until 
a  certain  quantity  of  water  is  formed,  when  a  condition  of 
equilibrium  is  attained. 

Hifdromilpkidia  and  Sulphides.  The  hydrosulphidea  are  also 
termed  the  thio-aleohoU,  as  they  are  obtained  (I)  from  the 
alcohols  by  the  substitution  of  sulphur  for  oxygen,  thus  by 
acting  on  the  alcohols  with  phosphorus  pentasulpbide : 

SCjHjOH  +  P^j  -  5C^iSH  +  Vfiy 

Free  phosphorus  pentoxide  is,  of  course,  not  formed,  bat  the 
tbio-p^osphates,  such  as  (a,H^,HPO^  and  (C^J,  FO^^ 

(2.)  The  bydrosulpbides  are  also  formed  by  the  action  of  an 
alcoholic  chloride  on  potassium  bydrosulphide  : 

CjHja  +  KSH  -  C^,.SH  +  KCL 

(3.)  Also  by  heating  a  solution  of  the  latter  compound  with 
potassium  ethyl  sulphate : 

KSH+  K(CjHJS04*C,H(.SH  +  KiS0^. 

The  thiivalcobolB  are,  like  many  volatile  sulphur  compounds, 
distinguished  by  their  disagreeable  emelL  They  stand  in  the 
same  relation  to  common  alcohol  as  sulphuretted  hydrogen  does 
to  water,  and  resemble  this  compound  inasmuch  as  they  act  aa 
weak  acids,  and  as  one  atom  of  hydrogen  can  easily  be  replaced 
by  metals.  Amongst  these  metallic  compounds  those  with 
mercury  are  the  most  characteristic.  They  are  formed  when  a 
bydrosulphide  is  brought  in  contact  with  mercuric  oxide : 

2  C,H^H  +  H«0  =  CC,H,S).Hg  +  H,0. 

In  consequence  of  this  relation  the  thio-alcohols  have  been 
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termed  mercaplans  (mercurium  captana),  and  their  metallic 
compounda  mercaptida} 

The  Sulphidet  or  Tkio-Ethtra  are  always  formed  in  the  pre- 
paration of  the  mercaptana  from  the  chloride^  the  following 
reactions  taking  place: 

(1)  C,H5SH  +  KSH  =  CASK  +  SH, 

(2)  CjHjSK  +  CjHjCI  =  (CjHJ^  +  KCL 

Sidphine  Compounds.^  The  sulphides  unite  with  the  iodides 
and  bromides  of  the  alcohol  radicals  to  form  dystallisahle  salts 
sucli  as  triethylsulphine  iodide,  S(C2Hj3l.  These  substances 
are  not  attacked  by  alkalis,  but  when  freshly  precipitated 
rilver  oxide  is  added  to  their  aqueous  solutions,  the  corre- 
sponding hydroxides  are  formed,  such  as  triethylsulphine 
hydroxide,  S(CjHg},OH.  These  latter  are  difficultly  crystallb- 
able,  they  are  deliquescent,  and  possess  alkaline  and  caustio 
properties  like  caustic  soda.  They  aho  resemble  tho  alkaline 
hydroxides,  inasmuch  as  they  precipitate  metallic  salts,  expel 
ammonia  from  its  compounds,  and  form,  with  acids,  neutral  salts, 
amongst  which  the  chlorides  unite  with  platinum  chloride 
to  form  soluble  double  salts,  such  as  [S(CjHJsCl]j  +  PtCI«. 

104  SiUpkonic  Adda.  Those  acids  are  easily  formed  by  oxi- 
dation of  the  mercaptans  and  other  sulpho-com pounds  of  the 
alcuhol-radicals : 

Usrcaptan.  Et^ijlmlphouic  ufd. 

C,H,.SH  +  30  -  C,H(.SO,Oa 

They  possess  the  same  composition  as  the  corresponding  acid 
sulphites  of  the  alcohol  radicab,  which,  however,  are  not  known 
in  the  free  state,  as  they  decompose  with  extreme  ease,  whilst 
the  Bulphonic  acids  are  very  stable  and  powerful  acids.  They 
may  be  heated  pretty  strongly  without  decomposition,  are  not 
altered  by  boiliog  caustic  alkalis,  and  only  oxidised  by  nitric 
acid  with  difficulty,  forming  the  acid  sulphates. 

The  Bulphonates  are  also  formed  when  an  iodide  is  brought 
in  contact  with  a  solution  of  a  normal  sulphite  :* 
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FbosphoruapeDtacliIoride  converts  them  into  sulphooic  chlorides : 

SOj  I  §^'  +  PGs  -  SO,  I  ^1^5  +  KCl  +  POCl,. 

And  if  tbia  latter  compound  lie  treated  with  sodium  ethjlate 
the  etbjl-ether  of  ethylsulphonic  acid  is  produced : 

SoJ^f^s  +  NaOCjHj-SoJ^*?^  4-NaOL 

This  ether  is  isomeric  with  ethyl  sulphite,  which  is  formed  by 
the  action  of  tbionyl  chiotide  on  ethyl  alcohol : 

BO  I  g  +  2H0C^,  -  SO  I  g§*^»  +  2HCL 

Cold  caustic  potash  converts  the  latter  compound  into  alcohol 

and  potassium  etbjl  sulphite,  80  ]  /\]r^''  which  is  bomeric 

with  potassium  ethyl  sulphonate,  from  which  it  differe,  inasmucb 
as  its  aqueous  solution  is  easily  decomposed  with  formation  of 
hydrogen-potassium  sulphite  and  alcohol.  The  rational  con- 
stitution of  this  compound  is  not  known.  The  easy  conversion 
of  mercaptan  into  sulpbonic  acid  renders  it  very  probable  that 
in  the  latter  the  alcohol  radical  is  in  direct  linkiugwitb  sulphur. 
The  alcohol  radicals  also  form  compounds  ^vitb  teUniwm  and 
tellurium,  the  more  important  of  which  will  be  hereafter 
described. 

105  2^  CWpoumf.iti»mmia8 or .i^mtiusareformed  by  beat- 
ing the  haloid  ethers,  or  the  nitrates  of  the  alcohol  radicals, 
with  ammonia  under  pressure,  when  the  following  consecutive 
reactioDs  take  place : 

luy  Uonamiiies. 

(1)  C,H,C1  +  N-JH    -   N-ShT   '  +  H01. 


fH  fOH. 

N^H    -   N^H      + 

N-jaH,  +  HOL 

(3)  C^.Cl  +  NJdHj  -  N-jcK+HCL 


SccoDdaiy  Honuninea. 

(2)  CiHia  +  Nlrf 
Tertiaiy 
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The  aminos  coutaioing  the  lower  membera  of  the  Beries  of 
alcohol  radicals  aie  gaseous  at  the  ordioary  temperature ;  the 
higher  ones  are  mostly  liquids.  They  possess  a  peculiar 
ammoniacal  smell,  but  generally  this  is  accompaaied  by  a  fish- 
like  odour.  Tliey  precipitate  many  metallic  salts,  aud  combine 
directly  vith  acids  to  form  crystaltisable  compounds.  Their 
chlorides  unite  with  platinum  chloride,  like  sal-ammoniac, 
whilst  their  sulphates  yield  alums  with  alununium  sulphate. 

The  three  groups  into  which  they  may  be  divided  are 
distinguished  by  the  following  reactions. 

(I.)  The  primary  amines  are  converted  into  alcohols  by  means 

of  nitrous  acid.     If  a  solution  of  hydrochloride  of  ethylamine 

be  wanned  with  silver  nitrite,  the  following  reaction  takes  place  ; 

C,H 


hJnho.no         "^> 

^  teeondary  amines  under  similar  circumsti 
troso-products : 

cIhJIn+ho.no  cJh,}-n+h,o. 


(S.)  The  secondary  amines  under  similar  circumstances  give 
rise  to  nitroso-products ; 


The  nitroso-diethylamine  thus  obtained  is  again  converted  into 
diethylaniine  on  heating  with  aqueous  hydrochloric  acid. 

(3.)  7he  tertiary  amines  are  not  affected  by  nitrous  acid. 
They  combine  readily  with  the  iodides  of  the  alcohol  radicals, 
giving  rise  to  an  iodide  of  a  compound  ammonium,  such  as 
tetramethylammonium  iodide,  I<<(CH^fL  These  decompose, 
on  heating,  into  the  compounds  from  which  they  have  been 
formed,  just  as  sal-ammoniac  dissociates  into  hydrochloric  acid 
and  ammonia.  In  both  cases  re-combination  takes  place  oo 
cooling ;  and  hence  the  compound  ammonium  iodides  appear 
to  distil  without  decomposition.  They  are  not  decomposed  by 
alkalis.  Moist  silver  oride  converts  them  into  hydroxides, 
which  are  non-volatile,  crystalline,  very  soluble  bodies  analogous 
in  properties  to  the  caustic  alkalis.  Thus  they  destroy  animal 
matter  such  as  the  skin,  saponify  fats,  precipitate  many  metalUc 
compounds,  &c.,  and  form  crystallisable  salts  with  acids.  Their 
chlorides  yield,  with  platinum  chloride,  compounds  analogous 
to  ammonium-platinum  chloride,  and  their  sulphates  give  rise 
to  alums. 
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It  Ima  already  been  stated  that  frequent  cases  of  isomerism 
occur  amongst  tbe  amines.  Thus,  for  in&taDce,  the  bjdrogeu 
atoms  in  ammonia  may  be  replaced  by  one,  two,  or  three 
radicals,  and  thus  a  variety  of  isomeric  compounds  result,  and, 
by  the  above  reactions,  it  is  easy  to  distinguish  whether  we 
have  to  do  with  a  primary,  secondary,  or  tertiary  compound. 
The  simplest  case  in  which  isomerism  can  occur  is  that  of 
(1)  propylamine,  (2)  methylethylamine,  and  (3)  trimethylamine. 
If  these  bodies  be  treated  with  ethyl  iodide  as  long  as  this 
substance  produces  any  action,  the  following  compounds  are 
formed: 

(1)  Propyltriethylammomnm  iodide,     N(0,Hj)(CiHj)jL 

(2)  Methyltriethylammonium  iodide,   N(OH^(C,Hj),L 

(3)  Trimethylethylammonium  iodide,  N(CH^j(C,HJL 

It  is  only  necessaiy  to  determine  the  quantity  of  iodine  con- 
tained in  the  body  formed  to  ascertain  which  of  these  compounds 
is  under  examination. 

io6  Hydrazine  Compounds.  Just  as  the  amines  are  derived 
from  ammonia,  KH^  so  the  hydrazines  are  derived  from  the  as 
yet  unknown  body  hydrazine  or  diamide,  H,N  —  NH^  Com- 
pounds analogous  to  this  are  to  he  found  in  the  liquid  hydro- 
gen phosphide  H,P  —  FHj,  and  in  dimethylarsiue   (cacodyl), 

The  hydrazine  compounds  as  yet  known  are  obtained  by 
replacement  of  one  or  two  atoms  of  hydrogen  in  hydrazine, 
HjN  —  NHy  by  alcohol  radicals.  So  iai,  only  derivatives  with 
one  or  with  two  alcohol  radicals  are  known.  In  order  to  prepare 
mono-ethyl  hydrazine,  H^N  —  MH^C^HJ,  it  is  necessary  to 
start  from  diethyl-urea,  a  secondary  amine.  This  is  treated 
with  nitrous  acid,  giving  rise  to  the  nitroso-compound  No.  (1), 
and  then  this  product  is  acted  upon  by  nascent  hydrogen, 
yielding  the  hydraziiie-compound  No.  (2) : 

DietllyllUM.  (I).  (^. 

g«S>co        "■"■">      '^■''••''V 

L^.N±i/  C^j,N-NO  CjHjN  -NH» 

If  the  compound  No,  (2)  be  heated  with  alkalis  or  acids,  it 
is  decomposed  like  all  ureas,  yielding  carbon  dioxide,  etbylamine, 
and  ethyl  hydrazine,  as  follows : 
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r.  H  N  >C0        +        0-00, 

Nitroso-amiuea  coQtaiDJng  acid  radical,  e.g.  like 

S^o}n-no, 

gird  on  redaction  no  corresponding  bydrazinea,  but  tbe  amides 
are  regenerated : 

Cfifi  l"-""  +  *=<  ■  Ol?;}^-™'  *  2H,0. 

Hydrazines  containing  two  radicals,  or  J^ydrazinea,  are 
obtained  by  the  reduction,  with  zinc  dust  and  acetic  acid,  of 
tbe  nitroso-derivatives  of  secondary  amines : 

g|g.}N-N0    +    2H,  =     g;l;}N-NH,  +  H,0. 

The  hydrazines  are  volatile  liquids  possessing  an  ammouiacal 
odour,  and  uniting  with  acids  to  form  salts. 

Dihydrazina  unite  with  tbe  iodides  of  tbe  alcohol  radicals, 
giving  rise  to  aaimium  iodides,  such,  for  instance,  as  triethyl- 
azonium  iodide  H,N2(CtHg),L  These  are  converted  into 
powerfully  alkaline  bydroxides  by  means  of  moist  silver  oxide. 
Weak  oxidising  agents  resolve  the  dihydrazines  into  secondary 
amines  with  evolution  of  nitrogen,  whilst  stronger  reagents 
give  rise  to  Teti-aamet,  such  as  tetraetbylazone,  N^(CgHj)j: 

H,N  -  NCG,H  J,  j^  _  N(C,Hj), 

The  tetrazones  are  non-volatile,  oily,  alkaline  liquids  possessing 
a  garlic-like  smelL^ 

107  Cyanidtaof  the  AlcoholJRadicah.  These  bodies  are  formed 
when  an  alcoholic  iodide  is  heated  with  silver  cyanide,  or 
when  a  mixture  of  chloroform  and  an  amiae  is  treated  with 
alcoholic  potash: 

OH3NH,  +  CHClg  -  CHyNO  +  3Ha 

The  compounds  obtained   in  this  way  are  usually  termed 

>  E,  Fiachar,  LMn^  Aimaltn,  cxc.  67.     Ibid.  cxuz.  281. 
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itoeyanidcs  or  eartx^minea,  in  order  to  distingaish  them  from  the 
isomeric  compounds  which  had  previoasly  been  prepared.  They 
are  poisonous  liquids  possessing  a  penetrating  and  highly 
unpleasant  odour.  Aqneous  acids  decompose  them  easily  into 
formic  acid  and  an  amine : 

CH3NC + 2HjO  =  CH,^'H, + coaoa 

When  heated  in  closed  glass  tubes,  tbey  aie  converted  into 
the  isomeric  nUriU,  vhich  bodies  aie  also  formed,  together 
vitli  small  quantities  of  the  carbamiDes,  by  heating  an  iodide 
vith  potassium  cyanide,  or  by  heatii^  the  latter  compound 
with  a  hydrogen  sulphate  of  an  alcohol  radical : 

In  this  reaction  a  carbamine  is  doubtless  first  formed,  and  this 
is  decomposed  at  the  high  temperature  into  a  nitrlL 

The  pure  nitrils  possess  a  strong  but  not  unpleasant  gmell. 
They  are  not  changed  by  the  action  of  dilute  aqueous  acida, 
but  are  converted  into  the  fatty  acids  and  ammonia  in  the 
presence  either  of  strong  aqueous  mineral  acids  or  of  caustic 
potash.  Thus  methyl  cyanide  or  acetonitril,  when  treated  in 
this  way,  yields  acetic  acid : 

CHj-Clf  +  HCI  +  2H,0  -  CH8.C0.0H  +  NH.a 

On  treatment  with  nascent  hydrogen,  the  nitrils  form  amines : 

CH3.CN  +  2H,  =  CH,.CHyKH, 

And  this  reaction  proves  that  in  the  nitrib  the  cyanogen  is 
linked  with  the  alcohol  radical  by  the  carbon  atom,  whilst  in 
the  carbamines  it  ia  nitrogen  which  connects  these  two,  act- 
ing in  this  case,  as  in  sal-ammoniac  and  similar  bodies,  as  a 
pentad.  All  these  compounds  decompose  on  heating,  with 
formation  of  bodies  in  which  nitrogen  is  triad.  The  pentad 
nitrogen  in  carbamine  is  also  converted  on  heating  into  the 
triad  form,  and  hence  we  may  assume  that  the  compound  first 
decomposes  into  cyanogen  and  the  alcohol  radical,  and  that  these 
then  unite  again : 

C=N-CH,  =  N=C-K-CHj. 

Cyanates  and  Iiocyaaaiea,    The  cyanates  of  the  alcohol  radicals 
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are  very  unstable  llquida,  formed  by  the  action  of  cyanogen 
chloride  on  a  solution  of  sodium  in  an  alcohol : 

NCOl  +  NaOOjH.  =  NC.OC^,  +  NaCl. 

These  bodies  are  decomposed  in  contact  with  the  alkalis  into 
an  alcohol  and  a  cyanate.  They  undergo  polymerisation  with 
extreme  ease,  and  give  rise  to  crystalline  cyanuratea. 

Isoet/anaUa,  CarhimiiUt,  or  Carbonylamiius,  are  bodies  isomeric 
vtth  the  cyanates.  They  were  formerly  believed  to  be  the 
true  cyanates.  They  are,  however,  distinguished  from  these 
by  the  fact  that  alkalis  decompose  them  into  carbon  dioxide 
and  an  amine : 

This  is  the  reaction  by  means  of  which  the  amines  were  dis- 
covered by  Wiirtz.  Aqueous  acids  also  decompose  them  in  the 
same  way. 

Ethyl  corbimido  is  formed  when  potassiam  cyanate  is  dis- 
tilled with  potassium  ethyl  Bulphate.  Probably  ethyl  cyanate  is 
first  produced,  but  this  is  converted  by  molecular  rearrangement 
into  ethyl  carbimide.  The  other  carbimides  are  formed  in  a 
similar  way.  They  are  obtained  from  the  carbamines  by  oxida- 
tion with  mercuric  oxide,  and  are  voUtile  liquids  possessing  a 
penetrating  smell  which  causes  a  flow  of  tears,  and  they  are 
easily  converted  into  crystalline  ieocyanuraies. 

io8  Compound-Ureas  or  Carhamides.  These  bodies  are  de- 
rived from  urea  by  the  replacement  of  the  whole  or  a  portion 
of  its  hydrogen  by  alcohol  radicals.  They  may  be  formed  in 
several  ways.  Thus  ethyl  carbamide,  CO  -f  ^H  ^*^*'  '^  °^ 
tuned  by  the  action  of  cyanic  acid  on  ethylaminc,  as  also  by 
treating  ethyl  carbimide  with  ammonia.  If  ethylamino  be 
employed  instead  of  ammonia,  a  symmetrical  diethyl -carbamide 
is  formed,  which  is  also  obtained  by  the  decomposition  of  the 
carbimide  with  water: 


+  H,0     -     CO     g        -i-CO, 


CO 

<<iN-0,H,  \C,H, 
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A  compound  isomeric  with  this  may  be  prepared  by  acting 
with  cyanic  acid  on  dietbylamine,  whilst   trietbylcarbamide, 

CO  "I  -fiT/p  if  /i  13  formed  from  dietbylamine  and  ethyl  car- 
bimide.  The  triamines  do  not  undergo  alteration  when  treated 
either  with  cyauic  acid  or  with  the  carbimidea,  but  the  aimple 
substituted  carbamidea  are  obtained  by  the  action  of  diamioes 
on  carbonyl  chloride.  The  compound  ureas  all  unite  with 
acids  to  form  crystal]  isable  salts. 

NH, 
Ureihanet  or  Garbamie  Sthers.    Carbamic  acid,  CO  <  ,  is 

^OH 
not  known  in  the  free  state  (ToL  L  p.  646),  and  only  a  few  of 
its  inorganic  salts  have  been  prepared,  but  many  of  its  com- 
pound ethers,  or  the  uietbanes,  are  well-defined  substances. 
They  may  be  prepared  in  several  ways.  Thus,  if  ethyl  car- 
bonate be  treated  with  aqueous  ammonia,  ethyl  carbamate  is 
formed : 

°°{So:h:  +  ''H.   =    COJ^H.^^  +  HO.C,H.. 

By  the  prolonged  action  of  ammonia,  ethyl-urethane  is  con- 
verted into  alcohol  and  urea,  whilst,  on  the  other  hand,  if  pure 
alcohol  be  heated  with  urea  to  100°,  urethane  is  formed.  These 
compounds  are  also  formed  by  the  action  of  cyanogen  chloride 
upon  an  alcohol : 

/NH, 
a-C  =  N  +  2H0.C,H-      =     CO  +C,H,C1. 

\OC,H, 

The  urcthanes  are  solid  crystallisable  compounds,  which  are 
decomposed  by  alkalis,  with  formation  of  ammonia,  alcohol,  and 
a  carbonate. 

Allophanaies.  The  etheia  of  allophanic  acid  stand  to  biuret 
(VoL  L  p.  652)  in  the  same  relation  as  the  urethanes  (carbamic 
ethers)  to  urea,  thus ; 

(Allophanic  AmUa].       Alloplinnia 
Vnm.  Frethtne.  Biuret.  Ethylether. 

/NH,  /NH,  NnH  ]>NH 

CO  CO  CO  CO 

VNH^  \O.C,H.  \NH,  \0.0,Hj 
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These  allophuiic  ethera  are  formed  by  the  action  of  the  vapour 
of  cyaoic  acid  upon  the  anhydrous  alcohols,  thus : 

2C0.NH    +    C,H,.OH    -    NH   {coQck, 

They  may  also  be  prepared  by  heating  a  cfaloTO-carbonate  with 
urea: 

/OCjH.  fCO.NH, 

NH-CO-NH,  +  CO  =     NH-!  +  HCL 

H  \C1  ( CO.OCsHj 

Free  allophanic  acid  is  not  known,  hot  in  addition  to  the 
ethereal  saltfi  a  few  unstable  compoands  have  been  prepued, 
such  aa  the  foQowing :   NHJ^^"^^^ 

Comfound  Quanidinet.  These  bodies  are  formed  by  the 
action  of  cyanamide  upon  a  hydrochloride  of  a  monamine,  as 
guanidine  itself  is  obtained  by  the  action  of  cyanamide  upon  an 
ammonium  salt  (Vol.  I.  p.  680) : 

NCCHJH-HCl 
C-sN  I 

i  +     N(CH,)HjCl     =      C  -  NH. 

NH, 

Quanidines  containing  two  alcohol  radicals  have,  as  yet,  not 
been  prepared,  although  some  containing  three  such  radicals  have 
been  obtained.  These  are  formed  with  separation  of  carbon 
dioxide,  when  an  isocyanuride  is  heated  with  an  alcoholic  solu- 
tion of  sodium  ethylate,  as  also  if  a  disubstituted  thioKsarbamine 
be  heated  with  a  monamine  and  mercuric  oxide : 
CS(NH.CiH,),  +  H,N.C,H,  +  HgO  =  C(N.C,H,KHH.C,H,),  +  HgS  +  H,0. 

The  compound  guanidines  resemble  guanidine  itself  in  acting 
aa  powerful  bases. 

109  The  Tkiocyanata  and  laothioeyanaies.  The  first  of  these 
classes  of  bodies  is  formed  in  a  similar  way  to  the  other  ethereal 
salts.  Thus,  for  example,  ethyl  thiocyanate  is  obtained  on  beat- 
ing potassium  thiocyanate  with  ethyl  iodide  or  potassium  ethyl 
sulphate.     They  are  most  unploasant-smelling  liquids,  which 
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are  decomposed  by  alkalis  with  formation  of  alcohols  and  a 
thiocjante. 

The  isothiocyanates  or  thiocarbimides  are  also  known  as 
fnuatard-oils,  because  the  oil  of  mustard  belongs  to  this  group, 
and  the  various  members  possess  a  similar  strong  pungent 
smelL  They  are  formed  by  a  general  reaction.  Thus  ethyl 
mustard-oil,  SCNOjH^  is  obtained  by  mixing  an  alcoholic 
solution  of  ethylamioo  with  carbon  disulphide,  when  an  ethyl- 
thiocarbimic  acid  is  formed,  and  this,  on  heating  with  a  salt  of 
mercury  or  silver  is  converted  into  the  thiocarbimide : 

NH.CjHs  N.C^, 

OS  +  HgCl,  =   CS     +  HgS  +  HCl  + 

I  Ethyl 

S(NH,.  C,H  J  thiocartunide.  NH,{C,Hj)Cl. 

Iodine  acts  in  a  similar  way  with  formation  of  iodic  acid  and 
free  sulphur,  Diliite  sulphuric  acid  decomposes  these  mustard' 
oils  with  formation  of  an  amine  and  carbonyl  sulphide : 

CompouTid  Thio-Ureas.  These  are  formed  by  the  action  of 
ammonia  or  an  amine  on  the  mustard-oils.  They  are  crystalline 
bodies  forming  salts  with  acids. 

no  The  Nitro-Paraffins.  These  compounds  are  isomeric  with 
the  mtrites  of  the  alcohol  radicals,  and  are  formed  together  with 
the  latter,  when  an  alcohoUc  iodide  is  acted  upon  by  silver 
nitrite.  They  act  as  weak  acids,  and  contain  one  atom  of 
hydrogen  capable  of  replacement  by  a  metal,  whilst  the 
nitrites  are  neutral  bodies,  and  easily  converted  by  alkalis 
into  an  alcohol  and  a  nitrite.  Nascent  hydrogen  converts  the 
nitro-paraffins  into  compound  ammonias,  whilst  the  nitrites 
in  the  same  way  yield  alcohols.  This  last  reaction  indicates 
the  constitntion  of  these  two  classes  of  compounds : 


/O  /H 

(1)  OJLN     I    +  3H,     -  0,H,.N  2H,0. 

\0  \H 

Ethyl  nitrite. 

(2)  Cft.O— NO  +  3H,  «  C,H,.OH  +  NH,  +  H,0. 
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:  Phosphorus  Boms  or  Phofphina.  These  compounds  are 
'  produced  by  the  replacement  of  hydrogen  in  phoephuretted 
hydrogen  (phosphine)  by  alcohol  radicals.  In  their  chemical 
properties  these  compounds  exhibit  great  analogy  with  phos- 
phine  itself,  and  are  classed  as  primary,  secoiidary,  and  ttrtiary 
phosphines  (the  name  having  become  geneiic).  The  last-named 
combine  with  the  iodides  of  the  alcohol  radicals  to  form  phoa- 
pkcnium  iodides,  which  compoands,  as  well  as  the  bodies  draired 
from  them,  closely  resemble  the  corresponding  ammonium 
compounds. 

The  alcohol  radicals  also  form  coiresponding  compounds  with 
arsenic  and  aviimony,  as  well  as  with  horon. 

Ill  Compounds  of  ih*  Alcohol  Badicals  tvith  Silicon.  Silicon, 
like  carbon,  is  a  tetrad.  The  analogy  of  the  compounds  of 
these  elements  has  already  been  pointed  out  in  the  fitst 
volume.  Hence,  it  is  not  surprising  that  the  compounds 
of  silicon  with  the  alcohol  radi<»)8  exhibit  a  close  similarity 
to  the  paraffins.  For  this  reason  silicon  ethyl,  Si(CjHg)^  has 
been  termed  silioononane,  SiCgHjj,  that  is,  it  may  be  con- 
sidered to  be  nonane  in  which  one  atom  of  carbon  has  been 
replaced  by  silicon.'  Silicononane  is  not  attacked  by  nitric 
acid.  Ciilorine  gives  rise  to  substitution-products,  especially  to 
ailico-nonyl  chloride,  SiCgH,gCl,  which  compound  can  be  con- 
verted into  the  alcohol,  ethereal  salts,  and  other  derivatives,  all 
containing  silicon. 

Compounds  of  the  Alcohol  Sadicala  vnth  MeiaU.  Only  a  few 
of  the  metals  combine  directly  with  the  alcohol  radicaJa,  Of 
th^se,  the  more  important  are  the  metals  of  the  magnesium 
group,  aluminium,  mercury,  lead,  and  tin.  The  compounds 
thus  formed  are  all  hquids,  and  most  of  them  volatile.  Those 
of  the  magnesium  group  and  aluminium  inflame  spontane- 
ously when  broi^ht  in  contact  with  air,  and  are  decomposed 
by  water  with  the  formation  of  the  hydroxides  of  the  metals, 
and  the  paraffins.  The  other  compounds  do  not  undergo 
alteration  in  the  air,  and  are  not  decomposed  by  water ;  they 
are,  however,  attacked  by  acid&  When  the  alkali  metals  act 
upon  the  zinc  compounds,  a  portion  of  the  zinc  is  replaced, 
and  a  body  having  a  composition  such  as  NaCgHg  +  Zu(C^B), 
is  formed.     It  has  hitherto  not  proved  possible  to  isolate  the 

The  view  held  \ij  IhiniBa  that  sTen  carhoa  tasj  ondeiso  aabatitntion,  a  view 
10  powerfnlly  ridiculed  bj  Liebis,  hu  thui  proved  t»  b«  tnie,  allJiough  Dot 
eztctly  in  tbe  form  anticipated  by  TtB  author. 
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compound  of  the  alcohol  radical  with  the  alkali  metal  &om  this 
zinc  compound. 

In  general  the  metallic  compounds  of  the  alcohol  mdicals 
coTTeepond  to  the  chlorides  of  the  metals,  though  this  ia  not 
always  the  case,  as  is  shown  in  the  following  table : 


NaCl 

NaC^,. 

ZnCl, 

Z"(C,H,),- 

HgCl, 

Hg(C^J, 

PbCl, 



Pb(C^J,. 



P1>,(0,HJ, 

Si.,Cl, 

Sn,(C,HJ.. 



Sn,CC,Hj^ 

SdCI, 

Sn(OA), 

THE  ALCOHOLS  AND  THEIR  DERIVATIVES. 

iia  These  compounds  may  be  divided  into  three  distinct 
classes  or  groups,  primary,  secondary,  and  tertiaiy  alcohols  and 
their  derivatives. 

Primary  Alcohols  and  Fatty  Adds.  The  primary  alcohols, 
when  slowly  oxidised,  first  lose  two  atoms  of  hydrogen,  end 
are  converted  into  aldehydes  (alcohol  dehydrogettatum '),  and 
these  again  readily  pass  into  the  fatty  acids  by  the  addition  of 
one  atom  of  oxygen,  the  acids  being  derived  directly  from 
the  alcohols  by  the  replacement  of  two  atoms  of  hydr<^ea  by 
one  atom  of  oxygen : 

O.^J.0     +     O,    =     °'^'^^0     +     H,0. 

The  reactions  by  which  the  constitution  of  the  acedc  add 
thus  formed  has  been  elucidated,  have  already  been  referred  to,  ' 
namely,  by  the  electrolysis  of  the  acid  and  by  its  synthetical 
preparation  &om  the  methyl  compounds.  Thus  we  saw  that, 
when  an  electric  current  is  passed  through  a  concentrated 
solution  of  potassium  acetate,  the  salt  which  is  best  suited  to 
the  purpose,  it  first  decomposes,  like  an  inorganic  salt,  Into 
'  Liabig,  Jim.  C\aa.,Pharm.  xir.  ISS. 
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C,HjOj  +  E.  The  liberated  metal,  however,  at  once  acta  upon 
the  water,  and  hydrogen  is  evolved  at  (he  negative  pole,  whilst 
at  the  same  time  the  group  of  atoms  lihetated  at  the  other  pole 
decomposes  into  carbon  dioxide  and  methyl,  CKj,  two  of  the 
latter  groups  uniting  to  form  ethane,  C^g.  All  the  other  fatty 
acids  decompose  in  a  similar  way  according  to  the  equation : 

2C„H,bO,     =     Hj      +     2C0,     +      (C„.,Hj..,),. 

If  B_i  be  written  m>  we  obtain  for  the  hydrocarbon  the  ex- 
pression (CmHiQ+i)t  — OaHm  +  ii  which  is  the  general  formula 
for  the  paraffins. 

The  &tty  acids  can  be  obtained  synthetically  from  the  alcohols 
containing  one  atom  leas  carbon  by  replacing  the  hydroxyl  by 
cyanogen  and  thus  obtuning  the  nitril,  which,  when  boiled 
with  caustic  potash,  yields  the  potassium  salt  of  a  &tty  acid. 
This  reaction  is  expressed  by  the  following  general  equation : 


C.Hta  +  1 

CnHiB  + 1  I 

i         +koh  +  hoh   =   c.o  +  nh,. 
*-"  Ak 

The  following  scheme  represents  the  electrolysis  of  the  fatty 
icids: 

CqHib  +  1 CpH^  + 1 


CO,  :  H H 


It  is  then  clear  that  the  iatty  acids  are  compounds  of  the 

organic  radicals  with  carhoayl,  HO  —  C  =  O,  this  latter  being 

t 
formed    from   methoxyl,   HO  —  CHg,    this   latter    group  being 
characteristic  of  the  primary  alcohols. 

Hence  a  primary  i^cohol  may  be  defined  as  a  body  derived 
from  a  paraffin  by  the  replacement  of  an  atom  of  hydrogen  in 
the  methyl  group  by  hydroxyl.  Or  the  alcohols  may  be  con- 
sidered as  methyl  alcohol  in  which  one  atom  of  hydrogen  is 
replaced  by  an  alcohol  radical  Hence  the  following  bodies 
are  primary  alcohols: 
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Ethyl  iloohol.        Bntjl  dcobol.        Iwbatyl  alcohoL 
CSg  CH|  HjCj  CU| 

CH^Oa  CH,  CH 

CH,  CHfOa 

CHrOH. 
liMcUre  un;l  alcoboL  Aetin  uiirl  alcoboL 

H,C  OH,  HjO  CH^OH 


CH 
CH, 


CH, 

CH,.OH.  CH,. 

Kolbe  *  has  proposed  &  general  nomeoclftture  for  the  alcohols, 
under  which  not  only  the  primaiy  but  also  the  other  groups 
may  be  classed,  as  derivatives  of  methyl  atcohoL  To  this 
latter  compound  he  gives  the  name  of  carbinol,  and  classes  the 
primary  alcohols  as  follows : 

Ethyl  alcohol  Methyl  carbinoL 

Bntyl  alcohol  Propyl  carbinoL 

Isobotyl  alcohol.  Isopropyl  carbiqoL 

Amyl  alcohol  (inactive)  Isobntyl  carbinoL 

Amyl  alcohol  (active)  Fseudobutyl  carbinoL 

This  nomenclature  has  not  been  generally  adopted,  although  the 
mggeation  is  not  without  merit. 

The  primaiy  alcohols  may  not  only  be  distinguished  by  their 
products  of  oxidation,  but  they  likewise  may  be  detected  by 
the  following  very  delicate  reaction.*  The  alcohol  is  first  con- 
verted into  the  iodide,  and  a  few  drops  of  this  are  brought  into 
a  distillation  flask,  having  a  capacity  of  a  few  cubic  centimeters, 
in  which  a  mixtnre  of  silver  nitrite  and  white  sand  has  pre- 
viously been  placed.  As  soon  as  the  violence  of  the  reaction 
has  subuded,  the  liquid  is  distilled  off,  and  the  nitro-paraffin 
which  has  been  formed  is  dissolved  by  shaking  with  caustic 
potash,  and  then  dilute  sulphuric  acid  added  drop  by  drop, 
when  a  dark-red  colouration  takes  place.  This  colour  dis- 
appears as  soon  as  the  liquid  becomes  acid,  but  again  makes  its 
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appearance  when  the  liqaid  is  rendered  alfaaliue  b;  caustic 
potash.  So  far  this  reaction  has  only  been  applied,  in  the  series 
of  primary  alcohols,  as  high  as  octyl-alcohol,  and  thus  far  with 
succeB&^  This  reaction  depends  on  the  fonoation  of  a  nitrolic 
acid  in  the  following  vay : 

CH,  CH, 

CHj  +  ON.OH      =.      C  =  N.OH  +  H,0. 

NO,  NO, 

A  nitrolic  add  is  also  formed  when  a  nitro-para£Bn  is  con- 
verted into  the  dibromo-compound,  and  this  is  acted  upon  by 
hydroxylamine : 

CH,  CH, 

CBr,+  H,N.OH       =       C-N.0H  +  2HBr. 

NO,  NO, 

The  nitrolic  acids  are  colourless,  and  crystallise  well,  forming 
with  alkalis  dark-red  salts,  which  explains  the  production  of 
the  above  reaction.  They  are  extremely  unstable  compounds, 
decomposii^  easily  with  formation  of  a  fatty  acid.  When 
heated  wth  sulpburio  acid,  this  simple  decomposition  takes 
place,  pure  nitn^en  monoxide  being  evolved : 
OH,  CH, 

C«N.OH     -     C  =  0     +     N,0. 


NO, 


k 


B 


113  AUUhyde$.  It  has  already  been  stated  that  these  bodira 
occur  as  intermediate  products  in  the  oxidation  of  the  alcohols 
to  fatty  acids.  They  are  oxides  of  dyad  radicals,  and  in  their 
formation  the  first  step  is,  in  the  cases  of  acetaldebydea,  the 
production  of  ethidene  alcohol : 

CH,  CH, 

+     O     -  I 

^OH  CH(OH)r 


C^O 


This,  however,  like  all  other  compounds  containing  two  bydro^l 
1  OuAnedi^  At,  ZlMtek.  Ottm,  Of.  xii.  631. 
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hidene  dcohol. 

CH. 

CH, 

„L/OH 

-            1 

HO-0 

groups,  combined  with  one  carbon  atom,  splits  up  with  separation 
(^  water,  and  we  have  the  anhydride  or  oxide  left ;  in  the  above 
case  ethidene  oxide  or  acetaldehyde  being  formed : 


HjO. 


That  tiia  above  formula  expresseB  Uie  constitution  of  this 
compound  is  seen  from  the  £tct  that  bj  the  action  of  phos- 
phorus pentachloride  it  is  converted  into  ethidene  cbloridd  or 
dichlorethane : 

CH,  CH, 

j  +    PCI.    =      I  +    POOL. 

CHO  OHClj 

We  may,  however,  acording  to  the  theory  of  radicals  and  of 
types,  consider  aldehyde,  C,H,O.H,  as  the  hydride  of  an  acid 
radical  having  the  general  formula  CoHm-iO.  All  the  alde- 
hydes are  characterised  by  posseamng  a  peculiar  safTocatii^ 
smell,  whilst  another  peculiar  characteristic  of  these  bodies  ia 
that  they  unite  with  the  hydrogen  sulphites  of  the  alkali-metals 
to  form  crystalline  compounds,  which  are  generally  difficultly 
soluble,  and  are  decomposed  by  acids  with  separation  of  the 
aldehyde,  and  hence  this  property  ia  freqnentiy  made  use  of 
for  the  purification  of  these  bodies. 

On  oxidation  the  aldehydes  yield  the  fatty  acids,  and  if 
freshly  precipitated  oxide  of  silver  be  employed  as  the  oxidisii^ 
agent,  the  following  reaction  takes  place : 

2  CH,.COH  +  3Ag,0  =  2  CHj-CO.OAg-H  H,0  +  2  Ag^ 

When  heated  with  ammoniacal  silver  solution  a  similar  reaction 
occurs,  and  if  the  aldehydes  are  soluble  in  water,  metalho  silver 
is  deposited  on  the  sides  of  the  containing  vessel  in  the  form  of 
a  bright  mirror. 

114  Haloid  Compotmda  of  tlu  Add  Radicals.  The  chlorides 
aud  bromides  of  the  acid  radicals  are  easily  formed  by  the 
aetion  of  the  chloride  or  bromide  of  phosphorus  on  the  acid  : 

3  CH,.CO.OH  +  PClj  =  3  CH,.C0C1  +  P(OH), 
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These  bodiea  are,  a^  a  rule,  liqui<Is  which  fiime  stroDgly  in 
contact  with  the  oii,  and  possesB  a  powerful  add  smell,  dependingr 
OD  the  fact  that  they  are  rapidly  decomposed  by  water  into  the 
ccsresponding  fatty  acid  aiu]  the  hydracids ; 

CH,.C0C1  +  H,0  =  CHyCO.OH  +  HCl. 

The  iodides,  which  as  yet  have  been  but  slightly  investigated, 
are  not  formed  by  the  action  of  iodide  of  phosphorus  on  the 
acids,  ioasmuijb  as  a  further  decompoution  takes  place  with 
separation  of  iodine.  They  may,  however,  be  prepared  from 
the  anhydrides,  and  are  decomposed  by  water  in  a  similar  way 
to  the  chlorides  and  bromides.  The  haloid  compounds  of  the 
acid  radicals  can  thus  be  distinguished  from  those  of  the  alcohol 
radicals,  and  this  explains  the  fact  that  the  former  cannot  be 
obtuaed  by  the  action  of  the  hydracids  on  the  acids  as  the 
alcoholic  chlorides  are  prepared  by  the  action  of  the  hydracids 
on  the  alcohols.  They  may,  however,  be  obtained  in  this  way 
in  presence  of  phosphorus  pentoxide : ' 

CHs.CO.OH  +  HCl   +  Vfi^  =  CHyCOCl  +  2  HPO,. 

Z15  Mkereal  Salts  or  Compound  Ethers.  The  fatty  acids  are 
monobasic,  and  the  one  atom  of  hydrogen  can  be  replaced  not 
only  by  metals,  but  also  by  acid  radicals,  and  thus  the  bodies 
formerly  known  as  compound  ethers  are  obtained.  These  are 
now  generally  termed  the  ethereal  salts,  and  they  may  be 
prepared  in  a  variety  of  ways : 

(1.)  An  alcohol  is  bronght  in  contact  with  an  acid  chloride: 

Ethyl  acatate. 

%'}0     .     0A0|     .     ^_|H.}o     ,     Ha 

(2.)  An  acid  is  allowed  to  act  upon  an  alcohol : 

C.H.}o      +     0<=.0|o.   oCjH.}o       +     H,0. 

In  this  case  the  formation  of  the  ethereal  salt  takes  place 
slowly  in  the  cold,  but  more  quickly  when  heated.  When  a 
certain  quantity  of  water  is  formed,  the  reaction  becomes  feeble, 
and  at  last  stops.  On  the  other  hand,  the  ethereal  salts  are 
decomposed  by  water  into  the  alcohol  and  tiie  acid. 

I  Friedel,  Campt,  Smd,  IzriiL  1617. 
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(3.)  \rheii  hydrochloric  acid  is  passed  into  a  mixture  of  the 
acid  with  alcohol,  the  formation  of  the  ethereal  salt  takes  place 
more  perfectly  and  more  quickly.  This  depends  partly  on  the 
&ct  that  hydrochloric  acid  acts  as  a  hygroscopic  agents  hut 
partly,  no  douht,  becaase  hydrochloric  add  iocreases  the 
yield  by  the  formation  of  the  acid  chloride,  which  then  acts 
according  to  equation  No.  1,  as  these  chlorides  will  attack  the 
alcohol  more  readily  than  water.  It  is,  moreover,  possible 
that  the  alcohol  is  first  converted  into  the  cbloiide,  which  then 
act*  agun  upon  the  add : 

o<Hj}     *    °.H^}o    .    g|;o}o    +    HO. 

Indeed,  perhaps  the  whole  of  these  reactions  come  into  play,* 

(4.)  Concentrated  Bulphuric  add  acts  in  a  similar  way  to 
hydrochloric  acid.  Hence  the  ethereal  salts  are  frequently 
prepared  by  mixing  the  acid  or  an  alkaline  salt  of  the  same 
with  the  alcohol  and  concentrated  sulphuric  acid  and  heating, 
or,  again,  a  mixture  of  equal  molecules  of  the  acid  and  alcohol 
is  allowed  to  run  into  a  warm  mixture  of  the  alcohol  with  an 
excess  of  sulphuric  acid,  when  the  ethereal  salt  is  formed  to- 
gether with  water,  and  both  distil  over.  The  following  equation 
represents  the  reactions  which  take  place : ' 

WC,H.Jq    ^   Hjso^    _  C.^Jso.+  H.O. 

(5.)  Ethereal  salts  are  lastly  formed  by  heating  the  salt  of  a 
fittty  add  with  (a),  a  haloid  ethereal  salt,  or  (b),  with  a  hydrt^en 
sulphate  of  an  alcohol  radical : 


(•) 


E 


lo  +  °Al    -  °fl'   lo 


>  Demok,  Ser,  DeuticA.  Ckem.  Qa.  1877,  1790 ;  Henrr,  ib.  2041, 
■  Jbriuwiiikal^  B«r.  DtHlmA.  Chttn.  Qt*.  vi.  1170. 
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Ii6  AnkgdritUa  or  Oxides  of  ike  Acid  Hadicals.  These  com- 
pounds stand  in  the  same  relatum  to  the  acids  as  the  ethers 
of  the  alcohol  radicals  do  to  the  aJcohols. 

They  are  formed  by  the  action  of  the  haloid  salts  of  the  acid 
radicals  on  the  salts  of  the  acids  i 

0,H.OJ  ,   Cp^OJ  0   „  CgOJo  ,  ^„„, 

The  anhydrides  are  insolahle  in  -water,  but  vhen  placed  in 
contact  with  it,  they  decomjwse  slowly  in  the  cold,  and  more 
quickly  when  heated,  yielding  two  molecules  of  the  acid.  This 
decomposition  takes  place  more  rapidly  in  presence  of  alkalis  or 
e  of  alcohol,  wheu  an  ethereal  salt  is  formed  : 


0:^S}0   +    2C^}0    .    2^o}o  +  H,0. 

Hydrodiloric  acid  decomposes  the  anhydrides  in  the  following 
way: 

c.^8}o  +  Ha  -  0^0}    +  c.H^}o, 

and    the  phosphorus  compounds  of  the  chlorine  group  act 
similarly : 

ti7  Tkio-Gompounds  of  (he  Add  Sadieah.  Tkio-Aeida  are 
formed  by  the  actios  of  pbospborua  pentasulphide  on  the  fotty 
acids : 

5  ^«^2}0    +    P^s  -  5  ^<^|S    +  PjO, 

The  fibosphoruB  pentoxide  which  is  thus  formed  acts  on  a 
portion  of  the  thio-acid  with  formation  of  other  products  of 
uncertain  composition. 

The  thio-acids  which  have  hitherto  been  investigated  are 
liqnids  possessing  an  unpleasant  smell,  and  forming  salts  of 
which  some,  such  as  the  lead  and  silver  salts,  are  easily  decom- 
posed with  formation  of  the  sulphide  of  the  metal. 

The  Thio-Ankydrides  or  Sulphides  of  the  Acid  Hadicals  are 
obtained  by  the  action  of  sulphide  of  phosphorus  on  the  oxides. 
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These  are  also  anpleasant  Bmelling  liquids,  which  are  decompoBed 
by  water  in  the  followiDg  way : 

The  thio-acids  also  give  rise  to  eomptnuui  Ihio-ethereal  gaits 
obtained  by  heating  the  ordinary  acid  ether  with  sulphide  of 
phosphorus,  aa  also  by  deconqiosing  the  salts  of  the  thio-acids 
with  haloid  etherg,  and  lastly  by  the  action  of  the  acid  chlorides 
upon  the  mercaptideB  : ' 

c^^}s  +  c^°}h  -  g;g;o}s  +  n.ci. 


ii8  Amides.  The  acid  radicals  are  capable  of  replacing 
hydrogen  in  ammcoua,  thus  giving  rise  to  compound  ammonias 
which,  in  order  to  diatinguish  them  from  the  amines,  are  termed 
amides.  In  order  to  prepare  these  bodies  the  following 
reactions  are  employed : 

(1.)  The  acid  chloride  or  the  anhydride  is  treated  with  dry 
ammonia : 

(a)  GfifiCl      +   2NH,  -  C^O.NH,  +  NH.Cl. 

(6)  (0^0),0    +    2NH,  -   C,H,O.NH,  +  C,HgOsNH^. 

(2, )  An  ethereal  salt  is  beated  with  alcoholic  ammonia : 

(3.)  The  ammonium  salt  of  the  acid  is  heated: 

CAOONH4  =  C^O.NH,  +  H,0. 

When  the  amides  are  heated  with  phosphorus  pentoxide 
they  yield  nitrils  with  liberation  of  water.  Phosphorus  penta- 
Bulphide  also  produces  the  same  reaction : 

5C,H,0.NH,  +  PjSj  =.  5C,HyN  +  5H^4PjOs, 

If  the  salt  of  a  monamine  be  employed  in  reaction  "No.  3, 
instead  of  an  ammonium  compound,  an  amide  is  obtained  in 
which  one  atom  of  hydn^n  is  replaced  by  an  alcohol  radical. 
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178       SUBSTITUTION  PBODUCTS  OP  THE  FATTY  ACIDS. 

Sucli  compounds  are  also  foimed  by  acting  with  a  carbimide 

on  a  t&tty  acid : 

(CJLO 

'  "  "         +     CO,. 


»{g.H.   ^    CAOj„    ^    ^l^t 


The  amides  coataining  two  or  three  acid  radicals  have  as  yet 
been  but  slightly  investigated.  The  first  is  fonned  when  a 
nitril  is  heated  with  a  iat^  acid  : 

rc,H,o 

C,H,O.OH     +     CjH,N      =     N-jCjH,0 


And  if  instead  of  the  acid,  the  anhydride  be  employed,  a  triamide 
is  produced : 

(C^,0),0     +     C,H,N     -     N(CjH,0),. 
The  anhydride  and  a  carbimide  yield  the  following  reaction : 

^{^'    ^    C^*S}0    -    N-[cj|o    +    CO,   ■ 

When  ureas,  tbio-ureas,  and  similar  compounds  are  treated 
with  an  acid  chloride,  one  atom  of  hydrogen  is  also  replaced  by 
an  acid  radical 

119  Subatiiution  Products  of  the  Fatty  Adda.  Chlorine  and 
bromine  attack  the  fatty  acids,  especially  when  heated,  or  in 
presence  of  iodine,  the  hydrogen  in  the  alcohol  radical  being 
replaced.     Thus  acetic  acid  yields : 

UonocUoracetio  icid.         DicUoracttie  mciJ.  Trichloneetio  tdd. 

CHjCl.CO,H  CHClyCO^  CC1,.C0^. 

In  the  higher  members,  this  substitution  invariably  takes  place 
in  connection  with  the  carbon  atom  which  is  combined  with 
the  carboxyl.  Thus  propionic  and  butyric  acids  yield  as  firat 
substitution  products : 

B  Chloipropiome  acid.  a  BrcmibntjTio  acid. 

CH,  CH, 

CHOI  CH, 

CO.OH  CHBr 

CO.OH 
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Iodine  does  not  form  direct  substitution  products.  In  order  to 
obtain  these  bodies  the  ether  of  the  chlorinated  or  brominated 
acid  must  be  heated  with  potossiam  iodide,  and  the  acid  set 
free  from  the  product.  When  such  an  iodo-acid  is  heated  with 
bydriodic  acid,  a  &tty  acid  is  again  formed,  from  which  it  is  seen 
why  free  iodine  cannot  act  upon  these  bodies  : 

CH^-CO.OH  +  HI  =  CH^CaOH  + 1^ 


SYNTHESIS  OP  THE  PRIMARY  ALCOHOLS  AND 
THE  FATTY  ACIDS. 

lao  Whilst  almost  all  the  members  of  the  homologous  series 
of  fatty  acids  have  been  loi^  known,  our  knowledge  respecting 
the  coiresponding  alcohols  has  only  recently  been  rendered 
complete. 

As  the  alcohols  may  be  so  eamly  converted  by  oxidation  into 
the  &tty  acids,  a  method  of  realising  the  inverse  reaction,  and 
of  converting  the  acids  into  the  alcohols,  did  not  appear  difGcult 
of  attainment.  This  problem  attracted  the  attention  of  many 
chemists,  but  the  first  attempts  proved  abortive,  and  it  was  not 
nntil  after  Uendius '  had  discovered  that  the  nitrils  can  unite 
with  hydrogen  to  form  the  amines,  that  this  question  was  solved, 
lliis  method  promised,  moreover,  likely  to  yield  results  of  more 
general  intereat,  inasmuch  as  it  seemed  that  by  this  means  the 
whole  series  of  acids  and  alcohols  could  be  synthetically  built 
up.  For  Frankland  and  Kolbe,*  as  well  as  Dumas,  Mal^piti, 
and  Leblanc,*  had  shown  in  1847  that  the  nitrils  or  cyanides  of 
the  alcohol  radicals  can  be  converted  into  the  fatty  acids  by 
boiling  with  potash,  and  Hofmann  *  had  converted  the  amines 
into  the  corresponding  alcohols  by  the  action  of  nitrous  acid. 

Now  the  lowest  member  of  the  nitril  series  is  hydrocyanic 
acid  or  formionitril,  and  this  combines  directly  with  hydrogen 
to  form  methylamine.  But  methyl  alcohol  can  be  obtained 
from  this  latter  compound,  and  this  again  can  be  converted  into 
methyl  cyanide  or  acetonitril,  which,  in  its  turn,  can  be  made 
to  yield  acetic  acid  and  ethyl  alcohol.  Here,  however,  the 
simplicity  of  the  reaction  ends,  for  when  the  same  operation  is 
conducted  in  the  next  group,  a  mixture  of  isomeric  alcohols  is 
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obtained,  and  these  cannot  readily  be  separated.  The  cause  of 
this  will  be  explained  later  on. 

Other  general  methods  maj,  however,  be  employed  for  the 
synthetical  formation  of  the  alcohols  and  -acidB  corresponding  to 
the  normal  paraffins. 

In  1851  Williamson '  showed  that  when  a  mixtnre  of  a  for- 
mate and  a  salt  of  a  iatty  acid  is  heated,  the  aldehyde  of  the 
latter  is  produced : 

O.H°}0    +    ™0|o    .  CAOj    ^   CO,  +  H,0. 

Five  years  later  this  was  confirmed  by  the  experiments  of 
Limpricht*  and  Piria,'  and  when  Wurtz*  in  1862  had  dis- 
covered that  the  aldehydes  combine  directly  with  nascent 
hydrogen  to  form  the  alcohols,  no  further  obatadea  were  seen 
to  present  themselves  to  a  systematic  construction  of  the  h<»Q0- 
logous  series  of  the  acids  and  alcohols.  Many  unperceived 
difficulties  were,  howevw,  met  with  in  the  practioU.  canyii^  out 
of  the  process,  and  it  was  not  until  the  year  1869  that  Lieben 
and  Rossi'  sufficiently  perfected  the  methods,  by  means  of 
which,  beginning  with  ordinary  alcohol,  the  whole  Series  of 
normal  jnimary  alcohols  and  the  corresponding  acids  could  be 
synthetically  obtained. 

Lieben  and  EoaaSs  Method.  The  first  step  of  this  process  is 
the  preparation  of  propionic  acid  from,  ethyl  alcohol  by  means 
of  acetooitril,  and  then  heating  its  calcium  salt  with  calcium 
formate.  In  this  way  propioaldehyde  is  obtained,  and  this  com- 
bines directly  with  hydrogen  to  form  propyl  alcohol  From 
this  latter  propyl  cyanide  (butyronitril)  can  be  prepared,  and 
this  again,  in  a  similar  way,  yields  bntyr-aldehyde  and  butyl 
alcohol,  &c. 

Fatty  acids  are  also  formed  by  the  action  of  carbon  dionde 
on  the  compounds  of  the  alcohol  radicals  with  the  alkali 
metals  (Wanklyn):' 

C^^Na     -1-     CO,     =     CjHj.COjNa. 

I^nkUiTtd  and  I>appa's  Method.  Another  method  discovered 
by  Frankland  and  Duppa  and  improved  by  other  chemists,  not 

'  Chem.  Soe.  Jeam.  iy.  1S8.  *  Atm.  Chem.  FKarm,.  cL  291. 

*  Ann,  Chim,  zlviii.  IIS ;  Ann.  Chen.  Pharm.  c.  101. 

•  Con^.   Bend.  Ur.  914, 

»  Ann.  Chcm.  PKarm.  clTiii.  187 ;  clix.  B3.  79  ;  clxr.  109 ;  dxrii.  298  ;  Lieb«n 
«iidJaik«c«k,  a.  clxxxrii.  126,  *  Wuiklpi,  Chejn.  Soc  Jmcm,  xi.  103. 
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only  enables  us  to  prepare  the  tktty  acids  Bjnthetically,  but  also 
the  other  series,  and  a  variety  of  other  compounds.^  This 
depends  upon  the  fact  that  the  hydrogen  of  the  methyl  in 
acetic  acid  can  bo  rephu^  by  a  carbon-containing  radicaL  For 
this  purpose,  sodium  is  dissolved  in  acetic  ether,  when  sodium 
aceto-acetic  ether  and  sodium  ethylate  are  formed : 

CO.OCjHj  CO 

+    Na^    -       I  +    NaOC^    +    H» 

CH,  CHNa 

CO.OC^,  co.oc^^ 

Id  this  reaction,  however,  little  or  scarcely  any  hydrogen  ib 
evolved  in  the  free  state,  as  this,  in  the  nascent  condition, 
reduces  a  portion  of  the  acetyl  in  the  aceUc  ether  to  ethyl, 
fonning  aodium  ethylate.  If  acetic  acid  be  added  to  the  solid 
product,  aceto-acetic  ether  is  formed.  This  possesses  slightly 
acid  properties  due  to  the  presence  of  two  carbonyl  groups,  and 
when  acted  upon  by  sodium,  yields  the  original  compound  in 
the  pure  state.  The  sodium  in  this  body  may  readily  be  sub- 
stituted by  an  alcohol  radical  on  treatment  with  an  alcoholic 
iodide,  and  in  this  compound  the  second  atom  of  hydrogen  can 
be  substituted  by  sodium,  and  this  in  its  turn  again  replaced  by 
an  alcohol  radical.* 

All  these  compounds,  like  acetic  ether  itself,  are  decotapoeed 
by  concentrated  caustic  potash,  in  the  following  way ; 

CH,  CH, 


+    2H0K    -  ^-    HO.C,H.. 

IXY  CHXT 


C0.0C^5  CO.OK. 

In  these  fonnulie  X  and  Y  represent  either  hydrogen  or  an 
alcohol  radicaL  It  is  clear  that  by  this  reaction  not  only  homo- 
logous acids  but  many  isomeric  acids  may  be  built  up,  as,  for 
example,  in  die  following  instances : 

*  ConMrning  the  lurtoiy  of  this  subject,  bm  Wulicinna'  "  Sjntheii*  of  Aceto- 
acetic  Ethen,"  Lub,  Ann,  clxiivi,  161. 

*  On  tbia  anlgect  im  Conrad  and  Umpach,  Ltih,  An*,  exoii.  163. 
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Pentjlic  Bcid,  Talerunic  kcid.      Uetbyl-ethfl  acetic  uicL 

CH 

I  CH,  CH— CH^ 

CH, 

CO.OH 


CO.OH  CO.O 


Fentjlic  ncid  is  obtained  bj  repladcg  one  atom  of  bydrogen 
in  acetic  acid  by  tbe  jnimary  radical  propyl,  wbereas  Becondary 
propyl  yields  valerianic  acid.  In  order  to  obtain  the  third  acid, 
sodium  aceto-acetic  ether  is,  in  the  first  place,  treated  with 
iodide  of  ethyl,  the  ethyl  compound  ia  then  acted  upon  by 
sodium,  and  the  body  thus  obtained  converted,  by  means  of 
methyl  iodide,  into  methyl-ethyl  aceto-acetic  ether,  and  this 
finally  decomposed  by  caustic  potash. 


SECONDARY  ALCOHOLS  AND  KETONES. 

131  The  secondary  alcohols,  the  existence  of  which  was  pre- 
dicted byEolbe '  in  1866,  may  be  regarded  as  methyl  alcohol,  in 
which  two  atoms  of  hydrogen  are  replaced  by  alcohol  radicals. 
The  first  of  these  secondary  alcohols,  C,H,0,  was  [H«pared  by 
Friedel*  by  the  action  of  hydrogen  (2)  on  acetone,  C,H,0, 
obtained  on  the  dry  distillation  (1)  of  calcium  acetate : 

'''  g^S:8}««  -  g^o  .  caco.. 

<2)  gg;}co    +    H.    -    g|}caoH. 

Other  fatty  acids  yield  ketones  when  treated  in  a  similar  way, 
and  these  are  also  formed,  as  Freund"  has  shown,  when  an 
acid  chloride  acts  upon  the  zinc  compound  of  an  alcohol  radical 
Thus  acetyl  chloride  and  zinc  ethyl  give  methyl-ethyl-ketone : 

Zn(C,HJ,  +  saCO.CH,  -  2C,H,.C0.CH,  +   Znpi,. 


>  ZeiltA.  Chtn,  1866, 118.  *  Ompl.  Send,  Ir.  S3, 

*  Ann.  Cheja.  Fharm.  driii.  1. 


);Gooi^lc 


^CONDABY  ALCOHOLS.  183 

The  same  compouocl,  together  with  dimetfa;!  ketone  and  diethyl 
ketone,  is  obtained  when  a  mixture  of  calcium  acetate  and 
calcium  propionate  is  heated.  The  fonnation  of  the  ketone 
ftom  the  &tty  acid  is,  tbereibre,  exactly  analogous  to  that 
of  the  aldehyde  from  a  mixture  of  the  salt  of  a  fatty  acid  and 
a  formate.  Whilst  just  as  the  aldehydes  were  formerly  con- 
sidered to  be  hydrides  of  the  acid  radicals,  so  the  ketones  were 
looked  upon  as  compounds  of  the  latter  with  alcohol  radicals. 
■  Another  general  method  for  tiie  preparation  of  the  ketones 
is  the  decomposition  of  the  acet-acetic  ethers  by  baryta  water : 
CH, 

io  f- 

I  +  Ba(OH),    -    CO       +  HOCjH,  +  BaCO_ 

CXT  1 

I  CHXT 

CO.OC^, 

The  ketones  combine    directly  with  nascent  hydrogen  with 
formation  of  secondary  alcohols. 

The  secondary  alcohols  can  also  be  obtained  by  various  other 
reactions.  Thus  all  the  olefines  which  contain  the  groups 
-CH=-CHj  and  -CH=*CH~  dissolve  in  sulphuric  acid 
with  formation  of  an  acid  ethereal  salt,  which  when  heated  with 
water  yields  the  alcohol : 

Q^)>CH.O.SOyOH  +  H,0  =  ^§>)CH.OH  +  HO.S0rOH. 

These  olefines  also  combine  with  the  hydiacids  to  form  ^e 
haloid  ethereal  salts : 


OH, 

OH. 

k 

^H. 

Ah 

II 

+ 

J.} 

CHI 

<1h. 

OH, 

CH. 

CH, 

L 

CHI 

II 

CH 

+ 

h}      - 

cin. 

CH, 


sowGooi^le 


CH^OH 

AaoH    +  sm 

CH^OH 

r 

=    Cm 

CH, 

184  SECONDABY  ALCOHOLS  AND  EETONEa 

By  tlie  action  of  cUoiiQe  upon  the  paraffinB,  aecondaiy  as 
well  as  primary  chlorides  are  fi>nued,  whiJst  witti  bromine  only 
■econcb^  bromides  are  produced.^ 

Secondaiy  iodides  are  formed  yrh&n  the  aJcohola  of  polyvalent 
radicals  are  beated  with  concaQtrated  hydiiodic  acid  and 
amor^ous  pbosphorus.  Thus,  glycerin,  C^H^OH),,  yielda 
secondary  propyl  iodide : 


+     SHjO     +     2Ij. 


FhoB|diorus  is  added  for  the  purpose  of  preventing  the  liberation 
of  iodine: 

2  CjE^O,  +  2H3O  +  P,  + 1,-2  C,H^I  +  2H^4. 

From  these  iodides,  the  alcohols  may  be  obtained  by  the  action 
of  freshly  precipitated  oxide  of  silver. 

The  alcohols  may  likewise  be  obtained  by  beating  the  iodides 
with  concen  tinted  acetic  acid  and  aubydroas  acetate  of  lead  in 
closed  tubes,  the  ethereal  acetates  thus  formed  being  decomposed 
by  caustic  potash.  This  latter  reaction  is  also  employed  in 
rader  to  coavert  the  chlorides  and  bromides  into  alcohols. 

By  the  action  of  silver  nitrite  on  the  secondary  iodides,  nitro- 
paraffiuB  are  obtained.  These  dissolve  in  caustic  potash,  and 
when  sulphuric  acid  is  added  to  this  solution  a  deep-blue 
colour  is  produced.  When  shaken  with  chloroform  this  coloured 
compound  dissolves,  and  on  evaporation  of  the  dark-blue  solu- 
tion, colourless  crystals  of  a  paeud(Miitrol  are  obtained : 


Ito-nitro  propans,  or  Hitr 

CH,  CH, 


I    ■  I /MO, 

!H- 


CH— (NOJ     +    NO.OH     =     C  +    H,0. 

I  |\N0 

CH,  CH, 


Small  traces  of  a  secondary  compound  can  be  recognised  by 
this  reaction,  but  it  is  only  ap^dicable  to  tbe  lower  terms  of 
the  series.*    The  pseudo-nitrols  are  colourless  in  the  solid  state. 
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bat  vhea  fused  or  in  solution  ihey  possess  a  deep-blue  colour. 
Od  oxidation  they  first  fbnn  ketones : 

Prop7l-pmid<mitMl.  IHmetlkrl-ketoD*. 

CH.  CH. 

0-N— C— N0,+H,0  +  30     -     CO 

Tbe  secoadaty  alcohola  aleo  easily  form  ketoueB  on  oxidation, 
and  these  on  further  oxidation  decompose  in  sucb  a  way  that 
the  carbonyl  remains  in  combination  with  one  alcohol  radical, 
whilst  the  other  yields  oxidation  products  like  its  corresponding 
alcohoL'  Hence  dimethyl  ketone  yields  acetic  acid  and  formic 
acid,  the  latter  however,  readily  imdergoee  decompoution  into 
carbon  dioxide  and  water.     Diethyl  ketone,  CO  -j  p^u^i  and 

methyl  propyl  ketone,  CO  -|  p  xf  >  both  yield  acetic  and  propionic 

acids,  whilst  from  methyl  iso-propyl  ketone,  CO  -]  pn^pxr  x 
first  acetic  acid  and  then  dimethyl  ketone  is  obtained,  which 
latter  is  further  oxidized  aa  before  described. 

From  this  it  would  appear  that  the  simplest  alcohol  radical 
always  remains  in  combination  with  the  carbonyl.  This  is,  how- 
ever, not  always  the  case.  Thus,  for  example,  fixim  trimethyl- 
carbylmethyl  ketone,  CO  I  n^u- \  we  obtain  trimethylacetio 
acid  -J  QQQg'  ind  formic  acid. 

Hence,  in  many  cases,  the  constitution  of  the  secondary 
alcohols  can  readily  be  recognised  by  their  products  of  oxida- 
tion. Thus,  for  example,  a  secondary  alcohol  is  obtained  trora 
mannite,  C,Hg(OH)^  which,  when  completely  oxidized,  yields 
acetic  and  butyric  acids,  and,  therefore,  must  be  considered  as 

methyl  butyl  carbmol,  ^^  \  CO.OH. 

The  ketones  act  in  many  respects,  like  aldehydes,  as  oxides 
of  dyad  radicals.  Fhosphonis  pentachloride  converts  them  into 
tbe  dichlorides : 


■  Popol^  Aim,  Chtm.  P^arm,  dii.  2S6. 


ch;}°°  +  '•"•  ~  oh'}°°'"  +  '^°'» 
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Many  ketOBes  also  combine  vith  the  hydrogen  sulphites  of 
the  alkaU  metals  to  form  difficultly  soluble  cTystaUine  com- 
pouods  which  are  decomposed  again  hy  an  excess  of  acid  or 
alkali.  Hence  this  reaction  is  often  employed  for  the  purificaUon 
of  the  ketones. 


TERTIARY  ALCOHOLS. 

133  A  general  method  for  tiie  preparation  of  these  alcohols, 
ihe  exiflteDce  of  which  was  also  predicted  by  Kolbe,  has  been 
discovered  by  Butlerow.^  This  consists  in  placing  an  excess  of 
the  zioc  compound  of  an  alcohol  radical  in  contact  with  the 
acid  chloride  for  several  days,  when  a  crystalline  mass  is 
formed: 


OH, 

I     '       -h  2(CHa),Zn  ' 
CO" 


CHr-C— O— Zn— OH, 


We  may  assume  that  as  in  the  case  already  mentioned, 
(p.  182)  a  ketone  is  here  first  formed,  and  that  this  unites  with 
one  molecule  of  the  zinc  compound,  in  a  similar  way  as  it  does 
with  hydrogen  to  form  a  secondary  alcohoL  If  the  above  com- 
pound be  next  treated  with  water,  tertiary  butyl  alcohol,  or 
trimethyl  carbinol,  is  obtained,  and  this  is  the  first  member  of 
this  series : 

(CH^jCCZnOH,  +  2H,0  =  (CH^gCOH  +  Zn(OH),  +  CH^. 

The  tertiary  alcohols  are  also  formed  hy  the  direct  union  with 
water  of  the  olefines  containing  the  groups 

^>C  =  CH,    and    Zc)^'=CH— 

OH,  OH,  CH,  OH. 

Thus:  C  +     H.0    =       COH 


CH3. 


u  Chtm.  1S64,  SSS,  702. 
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This  combinatioD  takes  place  with  especial  ease  io  presence  of 
flolphuric  acid  or  nitric  acid.' 

The  same  defines  readily  unite  irith  the  hydracida  to  form 
tertiaiy  haloid  ethereal  salta 

The  tertiary  alcohols  are  at  once  broken  up  on  oxidation  in 
such  a  manner  that  the  carbon  atom  which  holds  the  group 
together  remains  in  connection  with  one  alcohol  radical  forming 
a  &tty  add,  whilst  the  two  other  alcohol  radicals  yield  the 
same  oxidation  products  as  their  corresponding  alcohols  do.  In 
this  way  ketones  frequently  occur  aa  intermediate  products. 
Thus  trimethyl  carbinol  first  yields  formic  acid  and  dimethyl 
ketone,  and  the  latter  readily  splits  up  into  water,  carbon  dioxide 
and  acetic  acid.  This  last  product  is  also  obtained  from  methyl 
diethyl  carbinol,  whilst  propionic  acid  is  also  formed  from  tbe 
isomeric  dimethyl  propyl  carbinol.  It  is  a  singular  fact  that  in 
these  oxidations  a  small  quantity  of  a  fatty  acid  is  obtained 
which  contains  as  much  carbon  in  the  molecule  as  the  tertiary 
alcohol.  This  is,  however,  not  diflScult  to  explain.  The  tertiary 
alcohol  easily  decomposes  into  water  and  an  olefine,  and  these 
latter,  aa  we  have  seen,  readily  combine  with  water  to  form  a 
tertiaiy  alcohoL  It  is  also  possible  that,  under  certain  circum- 
stances, a  primary  alcohol  may  be  produced,  and  the  formation 
of  isobutyric  acid  from  trimethyl  carbinol  may  be  explained  by 
the  following  equations : 

CCHJjC(OH)CH,  =  (CH,)jC :  CH,  +  H,0. 

(CH,),C:CH,  +  H,0  =  <CH^sCH.CHsOR 

Isobutyl  alcohol  is  thus  obtained,  which,  on  oxidation,  yields 
isobutyric  acid.^ 

133  Tertiajy  nitro-parafBns  are  formed  with  difficulty.  They 
do  not  possess  any  acid  properties,  and  hence  they  do  not 
dissolve  in  alkalis  and  do  not  give  any  reaction  with  nitrous 
add. 

Tbe  reason  that  these  tertiary  compounds  do  not  act  as  adds 
is  not  far  to  seek.  In  order  that  a  replacement  by  a  metal  can 
occur,  the  carbon  compound  mast  contain  acid-forming  or 
n^ative  elements  or  radicals  united  to  a  carbon  atom,  which 
latter  must  also  be  united  to  an  atom  of  hydrogen  or  hydroxyl. 
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Hence  acetic  acid  is  an  acid.  Its  anhydride  (acetyl  oxide)  is, 
however,  not  an  acid.  The  aame  reaaonii^  apj^iea  to  the 
nitro-paraffina. 


CH,  CH,  CHg  CH, 

\/ 

:h.no,  CNO, 


CH,  CH 


NO^  CHj.  CH,. 

Bromintto^Me.         Dibronmitn^thMie.      b»i^^5««- 

CH,  CHg  CH, 

CHBr  CBr,  BrC— NO, 

NO,  NOfr  CH, 

The  two  first  of  these  bodies  only  act  as  weak  acids,  whilst 
hromnitro-ethane,  obtained  by  the  replacement  of  hydrogen  by 
negative  bromine,  is  a  strong  acid.  AH  the  other  compounds 
are,  however,  perfectly  neutral* 

It  has  already  been  stated  Uiat  a  mixture  of  isomeric  alcohols 
is  obtained  by  the  action  of  nitrous  acid  upon  primary  amines 
which  contun  more  than  two  atoms  of  carbon.  The  fact  that 
in  this  case  the  alcohols  produced  are  not  homogeneous  had 
been  overlooked,  and  it  was  thought  that  propylamine,  for 
example,  was  converted  by  the  above  reaction  into  secondary 
propyl  alcohol,  and  isobntylamine,  in  like  manner,  into  tertiary 
butyl  alcohol.*  As  soon,  however,  as  the  &ct  of  the  production 
of  a  mixture  of  alcohols  became  apparent,  a  somewhat  far-fetched 
hypothesis  was  made  use  of,  until  at  last  a  very  simple  explana- 
tion was  found,'  namely,  that  the  reaction  goes  on  quite  normally 
up  to  a  certain  point,  and  that  a  primary  alcohol  is  pro- 
duced from  propylamine,  but  another  portion  of  the  propyl- 
amine is  converted  into  propylene,  which  is  partly  evolved  as 
a  gas  and  partly  combines  with  water  to  form  a  seconduy 
alcohol : 


'  T.Heyer,  Lub.  Ann,  dzxz.  iiL 
*  linnrauuin,  Ann.  Clurn.  Pkarm,  "l^j.  ii ;  elxil.  I. 

■  Hejer  tnd  FmsUt,  ikitliA.  CAm,  Oh.  Btr.  ix.  CSG ;  Merar,  BuUsri,  ud 
Foritor,  x.  180.  >      /    <  ■• 
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CH,                                            OH, 

CH,           +    HO.NO    -    CH    +    K, 

CH,NH,                             CH, 

+     2H,0. 

OH,                         CH, 
6h     +    H,0    -    CH.OH 
CH,                         CH,. 

In  »  similar  way  iaobntjlamitie  yields  iaobutyl-alcohol,  iso- 
bntylene,  and  trimeUijlcarbiiuJ. 
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THE  METHTL  GROUP. 
METHANE  OR  METHYL  HYDRIDE,  CH^. 

134  The  existence  of  tbis  substance  was  obserred  by  the  an- 
cients, as  Pliny  noticed  the  occurrenoe,  io  several  localities,  of  jets 
of  combustible  gases.  Inlatertime  we  find  that  Basil  Valentine, 
in  describing  the  outbreaks  of  fire  which  occur  in  mines,  men- 
tions a  suffocating  damp  which  is  noticed  before  such  an  outbreak. 
He  does  not,  however,  appear  to  consider  that  the  gases  issuing 
in  such  emanations  are  combustible,  but  rather  that  the  fire 
comes  out  of  the  rock  and  drives  out  the  poisonous  air.  Libavius, 
likewise,  gives  an  account  of  an  explosive  fire-damp;  and  during 
the  seventeenth  and  eighteenth  centuries  a  large  number  of 
descriptions  are  Ebund  of  explosions  which  occur  in  mines,  and 
especially  in  coal-pits.  At  the  same  time  no  distinct  statement 
is  made  of  the  nature  of  this  inflammable  fire-damp,  which,  like 
other  combustible  gases,  was  not  at  that  time  distinguished  from 
hydrogen. 

Fire-damp  as  well  as  the  gas  of  marshes  was  then  con- 
sidered to  be  poisonous,  nor  was  it  until  the  year  1776  that 
Yolta  ^  pointed  out  the  inflammable  nature  of  the  latter  gas. 
He  showed  that  marsh  gas  differs  from  hydrogen,  in  requiring 
twice  its  volume  of  oxygen  for  combustion,  as  well  aa  in  giving 
rise  to  carbondioxide,  whilst  ordinary  inflammable  air  needs  only 
half  its  volume  of  oxygen  for  combustion  and  yields  no  carbon- 
dioxide.  In  17S5  Berthollet  investigated  the  properties  of  marsh 
gas  more  accurately,  and  found  that  it  contains  both  carbon  and 
hydrogen,  and  that  it  usually  occun  mixed  with  nitrogen.  All 
the  naturally  occurring  inflammable  gases  were,  however,  con- 
sidered to  be  identical  with  the  gases  obtained  artificially  by  the 
dry  distillation  of  organic  matter,  as  well  as'with  the  substance 

>  jSuH*  aria  ii^lammaHU  naUta  dtlUpaludi.    HOano,  1777. 
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known  as  olefiant  gas,  until  William  Heniy,*  in  I80S,  proved 
that  the  gaaes  obtained  tiy  the  destrnctive  diatillatioQ  of  coal, 
oil,  and  wax,  contain  two  distinct  gaseous  hydrocarbona,  viz., 
olefiant  gas  and  carhuretted  hydrogen  (marsh  gas)  mixed  with 
carbonic  oxide  gas.  Shortly  afterwards  Dalton,>  Davy,  and 
Berzelins  conHrmed  the  existence  of  two  distinct  gaseous  com- 
pounds of  carbon  and  hydrogen,  which,  &om  thcdr  difference  in 
specific  gravity,  were  termed  light,  and  heavy,  carhuretted  hy- 
drogen, the  former  being  marsh  gas  and  the  latter  olefiant  gas. 
The  first  of  these  was  afterwards  looked  upon  as  methyl  hydride, 
and  the  name  methane  given  to  it  by  Hofmann. 

135  Propertiai.  Methane  is  a  colourless  inodorous  gas  which, 
according  to  Cailletet,  can  be  liquefied  under  a  pressure  of  ISO 
atmospheres  at  a  temperature  of  — 11°.  Its  specific  gravity 
was  determined  by  Thomas  Thomson "  to  be  0555. 

Marsh  gas  is  not  poisonous,  and  colliers  who  frequently 
breathe  air  containing  9  per  cent,  of  this  gas  do  not  appear  to 
suffer.  When  the  percentage  increases  above  this  point,  pressure 
on  the  forehead  and  eyes  is  noticed,  which,  however,  disaj^iears 
again  on  gaining  the  open  air. 

Methane  is  readily  infiammable,  burning  with  a  slightly  lumin- 
ous flame,  which  in  the  upper  part  has  a  yellow,  and  in  the 
lower  a  blue,  colour.  When  mixed  with  double  its  volume  of 
oxygen,  and  fired  by  an  electric  spark  or  by  a  fiame,  it  explodes 
more  violently  than  the  same  volume  of  electrolytic  gas,  and  a 
mixture  of  marsh  gas  with  from  seven  to  eight  volumes  of  air 
also  explodes  with  great  violence.  Mixtures  of  air  and  marsh 
gas  varying  from  this  proportion  bunt  with  a  weaker  explosion, 
and  if  one  constituent  be  present  in  large  excess  the  electric 
spark  does  not  explode  the  mixture  (Davy). 

Methane  is  but  slightly  soluble  in  water;  its  coe£Scient  of 
absorption,  according  to  Bunsen,  for  temperatures  between  0° 
and  26°  is  obtained  from  the  following  interpolation  formula: 

c  =  0-05449  -  00011807t  +  0000010278t*. 

It  is  more  soluble  in  alcohol,  the  following  fonaula  giving  ite 
sobibility  in  that  liquid  between  2°  and  24° : 

c  »=  0  522586  -  00028655t  +  00000142t». 
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It  has  already  been  mentioned  that  methane  occtus  in  nature.^ 
ThuB  it  forces  its  way  out  together  with  petooleum  at  various 
points  on  the  earth's  suriace.  The  eacred  fire  at  Baku  consists 
of  burning  laarsh  gas  coutaiuii^  admixtures  of  nitrogen,  carbon 
dioxide,  as  well  as  <^  the  vapoar  of  petroleum  (Hess).  The  gas 
issuing  from  the  mud  volcanoes  at  Bulganaik,  in  the  Crimea,  on 
the  other  hand,  oOngtsts,  according  to  the  analyses  of  Banmo,  of 
perfectly  pure  methane.  It  has  already  been  stated  in  the  first 
volume  ^,  608)  that  the  gases  which  escape  in  large  quantities 
from  the  oil  wells  of  Pennsylvaoia  contain  marsh  gas  and  its 
homol^ues,  bother  with  hydrogen. 

Marsh  gas  not  only  occurs  in  these  sources  and  in  very  large 
quantities  in  the  coal  measures,  but  it  is  also  found  in  many 
sulphor  springs  in  the  neighbourhood  of  active  volcanoes,  and  it 
is  likewise  evolved  in  the  boric  acid  fumwoles  in  Tuscany. 
H(»«over,  methane  is  a  never-&iling  constituent  io  the  pro- 
ducts of  the  dry  distiUation  of  ot;gaBic  matter,  and  hence  it  is 
found  in  large  quantities  in  coal  gas.* 

136  Preparation.  Methane  is  obtained  when  either  acetic  acid 
or  acetone  is  heated  with  an  excess  of  caiutic  alkali.  In  order 
to  prepare  it,  on  intimate  mixture  of  one  |»rt  of  sodium 
acetate  and  four  parts  of  soda-lime  is  made  and  then  heated 
in  a  Bask  or  tube  of  hard  glass,  or,  still  better,  in  one  of  copper 
or  iron,  until  the  gas  is  evolved.  In  this  way,  however,  the 
formation  of  a  certain  amount  of  free  hydrogen  (according  to 
Kolbe  '  about  eight  per  cent.),  as  well  as  of  ethylene,  cannot  be 
avoided.  This  latter  may  be  removed  by  passing  the  gas  through 
T7  tubes  containing  pumice  stone  moistened  with  strong  sul- 
phuric acid. 

According  to  C.  A.  Brindley  the  best  mode  of  preparation  is 
to  mix  750  grams  of  caustic  soda  dissolved  in  800  cbc,  of  water 
with:  750  grams  of  acetate  of  soda,  and,  when  this  is  dissolved, 
to  add  1,250  grams  of  coarsely-powdered  quick-lime.  The 
mixture  is  then  evaporated  to  dryness,  and  afterwards  gradually 
heated  to  redness  in  an  iron  bottle.  In  this  way  125  litres  of 
mat^  gas  are  obtained. 

Methane  is  formed  &om  acetic  add  according  to  the  following 
equation : 

CH,.CO.ONa  +  NaOH  -  CH.  +  CO(ONa),. 

*  Vol.  I.  t«fte*  flOS-lO. 

*  Penoz,  Rcnu  Sciaiti/.  i.  Gl ;  Dumu,  Ann.  Chim.  Pkyt.  IxxUi.  03. 
■  Aiitf.  J^ut.  Org.  Chan.  L  S7S. 
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In  order  to  prepare  it  in  the  perfectly  pore  state,  zinc  meUiyl 
ia  decompoBcd  with  water.' 

Zn(CHJ,  +  2H0H  -  Zn(OH),  +  2CH,. 

The  synthetic  formation  of  methane  is  of  great  theoretical 
interest.  Berthelot*  obtained  it  thus  by  passing  a  current  of 
sulphuretted  hydr<^en,  saturated  with  the  vapour  of  carbon 
disulphide,  over  ignited  metallic  copper,  when  the  following 
reaction  takes  place: 

CS,  +  2HjS  +  8  Ou  -  OH^  +  4  Cu^. 

By  this  means  about  one-fifth  to  one-tffird  of  the  total 
hydrogen  in  the  Knl[^uretted  bydr(^a  is  converted  into  marsh 
gas.  In  order  to  separate  the  methane,  he  {^^tated  the 
gas  with  alcohol,  in  which,  as  has  been  stated,  marsh  gas  is 
tolerably  soluble.  By  warmiDg  the  alcoholic  solution  the  pure 
gas  ia  driven  off. 

Methuie  is  also  formed  by  submitting  »  mixture  of  hydro- 
gen and  carbcmic  oxide  gas  to  the  action  of  electricity  in  an 
induction  tube,  round  which  the  electricity  passes  : 

After  the  induction  current  has  acted  for  five  hours,  about 
6  per  cent,  of  marsh  gas  is  produced.'  Although  methane  can 
be  produced  in  this  way,  it  is  decomposed  into  its  constituents 
at  once,  when  subjected  to  the  direct  action  of  the  electric 
spyrk.  This  decomposition,  however,  is  not  a  complete  one. 
The  action  of  the  induction  spark  ceases  after  half  an  hour,  the 
original  volume  does  not  become  quite  doubled,*  whilst  a  certain 
proportion  of  acetylene  is  formed.  This  latter  gas,  together 
with  naphthalene,  C^^S^  is  also  formed,  according  to  Bertfaelot, 
when  methane  is  exposed  to  a  very  high  temperature,  a  portion 
of  the  gas  being  at  the  same  time  converted  into  its  elementary 
constituents. 

Like  all  the  paraffins,  methane  is  a  very  stable  body,  unacted 
upon  by  cold  concentrated  nitric  acid,  and  even  by  fuming  sul- 
phuric acid  at  a  temperature  of  150^  On  the  other  hand, 
chlorine  attacks  it  so  easily  that  when  the  mixed  gases  are 

1  FnuUud,  no.  Tnu*.  18S3,  eslU.  U7. 

■  CompL  Smd,  zliiL  SSfl. 

■  Bradle,  Ptoc  So}/.  Sac,  zzi.  US. 

*  Buff  And  Eo&DMiD,  Aim.  Ckna,  Fkam.  cxiiL  139, 
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exposed  to  the  aunl^ht  an  ezploedoD  may  occur  with  separation 
of  carboii,  whilst  in  diffused  daylight  a  series  of  sabstitution 
products  is  fonned. 


METHYL  ALCOHOL. 
CH.OH. 

127  Boyle,  in  his  Sceptical  Ckemiti  (1661),  constantly  inmsta 
upon  the  &ct  that  bodies  cannot  be  resolved  into  their  ulti- 
mate constituents  by  means  of  fire,  a  view  which  was  generally 
held  at  that  tim^  and  one  which  was  supported  by  a  mass 
of  strange  experimoDtal  evidence,  teapecting  the  truth  of  which 
the  cautious  Soyle  gives  it  as  his  opinion  "  that  he  that  hath 
seen  it  hath  more  reason  to  believe  it  than  he  that  hath  not."  ^ 
In  particular  he  states  that  the  volatile  product  obtained  by 
the  diy  distillation  of  wood  is  not  a  simple  body,  but  that 
it  consistB  of  an  acid-,  or  acetous-,  and  an  indifferent  or  an 
adiaphorous  (from  aSta^pot,  indifferent)  spirit,  which  latter 
he  showed  to  be  inflammable.*  These  two  products  he  sepa- 
rated as  follows  :  "  I  took  eight  ounces  of  the  rectified  spirit  of 
bos  (wood),  wherein  the  acetous  and  neutral  spirit  remained 
confounded,  as  they  had  been  in  the  first  distillation ;  and 
having  poured  this  upon  a  quantity  of  calcined  coral,  sufficient 
to  satiate  the  acid  corpuscles  (which  quickly  fell  to  corrode  it 
with  noise  and  bubbles),  we  gently  (Stilled  it  to  dryness  in  a 
glass  head  and  body,  by  which  means  we  obtained  of  adiaphorous 
spirit  but  eight  grains  less  than  seven  ounces  and  a  half."       ■ 

It  was  not  until  the  year  1819  that  this  spirituous  liquid  again 
attracted  the  attention  of  chemists.  Co^n  believed  it  to  be 
acetone,  whilst  Dobereiner  in  1821  stated  that  he  found  it  to 
contain  common  alcohol.  ITpon  this  Taylor '  remarked  that  so 
early  as  1812  he  had  examined  this  body,  to  which  he  had 
given  the  name  of  pyroUgueous  ether,  because  it  was  a  sub- 
stance which,  although  it  possesses  great  similarity  with  ordi- 
nary alcohol,  still  differs  from  this  body,  inasmuch  as  it  does 
not  yield  sulphuric  ether  on  treatment  with  sulphuric  acid. 
This  property  was  confirmed  by  Macaire  and  Uarcet  (1824),  by 
Omelin  (1829),  and  by  Liebig  (1832).   A  complete  investigation 

'  Boyle,  Optra,  i.  486,  fbotnote. 

I  "Sew  ObMTTatiiuu  about  the  AdiBphorotu  Spirita  of  'Woodi  and  diT(n 
other  bodic%"  Opera,  L  6Tfl. 
"  TiUochB,  PhU.  Mag.  Is.  81E. 
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of  wood-spirit  was  made,  in  the  year  1834,  by  Dumas  and 
Peligot/  who  were  the  first  to  point  out  the  striking  analogy 
existing  between  this  body  and  common  alcohol,  an  analogy 
which  has  exerted  a  marked  influence  on  the  progr^s  of  or- 
ganic chemistry.*  They  gave  to  this  compound  the  name  of 
methyl  alcohol  (from  /iiSv,  wine ;  {/Kti,  wood).  Their  analytical 
results,  however,  did  not  agree  with  those  obtained  by  liebig,  and 
hence  Berzelius  suggested  in  1839  that  wood-spirit  must  contun 
different  bodies,  and  this  supposition  was  soon  confirmed. 

Methyl  alcohol  is  also  formed  when  wood  is  heated  to  the 
boiling-point  of  mercury,  with  an  equal  weight  of  caustic 
potash  and  a  small  quantity  of  water,*  as  well  as  when  wood 
is  heated  with  water  to  a  temperature  of  200°.'  It  is  also 
]nodaced  in  the  dry  distillation  of  other  organic  materials,  and 
is  likewise  contained  in  the  products  of  the  action  of  heat  on 
calcium  formate  (CHOj]jCa.' 

Methyl  alcohol  does  not  occur  in  the  free  state  in  nature, 
although  the  methyl  ethereal  salts  arc  contained  in  a  variety  of 
plants.  Thus,  for  instance,  the  wintergreen  oil  obtained  from 
GavUheria  fToeambens,  a  plant  indigenous  to  Ifew  Jeraey  and 
various  other  parts  of  the  United  States,  consists  entirely  of 
methyl  salicylate,  CH,C^(Oj.'  This  compound  is  also  the  chief 
constituent  of  the  ethereal  oils  of  other  species  of  Oaultheria,  as, 
for  instance,  the  0,  punctata  and  Uwocarpa,  which  grow  on  the 
top  of  the  extinct  volcanoes  of  Java,^  and  also  of  the  Andromeda 
lacfunauttU,  indigenous  to  the  Neelgherry  Hills.*  The  ethereal 
oils  &om  the  seeds  of  Antkrist^ta  cerefolium,  Pastinaca  tatwa 
aoA  Haradeum  gigarUeuta,  contain  the  ethereal  salts  of  various 
alcoholic  radicals,  amongst  which  small  quantities  of  a  methyl 
compound,  probably  methyl  hutyrate,  occur.* 

jaS  Commereial  Prtparaiion.  Methyl  alcohol  is  prepared  on 
the  large  scale  from  the  aqueous  liquid  obtained  in  the  dry  dis- 
tillation of  wood.  This  contuns  a  variety  of  other  compounds, 
together  with  methyl  alcohol  and  acetic  acid.    The  most  volatile 

1  Am.  Cftim.  Fkyi.  IriiL  6  ;  lii.  IBS. 

*  Kemp,  OaehicJitt  der  Chanie.  ir.  830. 

■  Piligot,  Atai.  CIdm.  Phyi.  Iixiii.  2IS. 

*  Onrillfl  WillUnu,  Climi.  Neie*.  xzri.  SSI,  29S. 

■  Lieben  mud  Patenio,  Ann.  Chm,  PRarm,  olxTii.  29B ;  Triedel  and  Silra, 
Ccmfl.  RentL  Izzri.  IGIS. 

*  Ckboara,  Cmiift.  Send.  ztL  8GS ;  zxzix.  SS5. 

*  De  Trij,  Pluirm.  Jmint,  Trant.  [S],  iL  fiOS  ;  Ber.  DeulMch.  Chtm.  Oa.  ziL  !M, 

■  Bronditoii,  Pliam.  Joum,  Tram.  [3^  iL  281  (  Kohler,  Ser.  Deuitch.  Clttm, 
Ott.  xii  348. 

*  OntMit,  lAAiii  Akh.  dzzrit.  Stl 
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portions  are  first  distilled  over,  and  these  repeatedly  recti- 
fied over  quicklime  in  order  to  remove  as  mocli  as  possible 
Etcetic  acid,  water,  and  tarry  substances.  The  wood-spirit  thus 
obtained  contains  tt^ether  with  methyl  alcohol,  acetone,  allyl 
alcohol,  methyl  acetate,  homologues,  and  condensation  [voducts 
of  acetone,  together  with  oily  bodies  and  oUier  compounds.  The 
pure  alcohol  is  obtained  by  first  heating  with  caustic  aoda  in 
order  to  convert  the  methyl  acetate  into  alcoh<^  The  disagree- 
able smelling  impurities  are  then  d^troyed  by  a  weak  oxidisii^ 
agent,  and  the  product  subjected  to  a  systematic  firactionol  dis- 
tillation, for  which  purpose  an  arrat^ement  is  used  similar  to 
that  employed  in  the  rectification  of  common  alcohoL*  The  pro- 
duct obtained  in  this  way,  freed  as  much  as  possible  from  acetous 
and  allyl  alcohol,  constitutes  the  wood-spirit  of  commerce. 

Methyl  alcohol  is  now  largely  obtained  as  a  by-product  in  the 
beebroot  sugar  industry.  In  this  industry,  as  in  the  manu- 
facture of  Cane-sugar,  large  quantities  of  molasses  or  treacle 
remain  behind  after  the  whole  of  the  crystallisable  sugar  has 
been  withdrawn.  These  molasses  are  invariably  employed  to 
yield  ordinary  alcohol  by  fermentation.  Nov  the  juice  of  the 
beet  aa  well  as  that  of  cane-sugar  contains,  ia  addition  to  the 
sugar,  large  quantities  of  eztiactive  and  nitn^enous  matter, 
together  with  considerable  quantities  of  potash  salts.  In  some 
sugar-producing  localities  the  waste  liquor  or  spent-wash  firom 
the  stills,  termed  "vinaase"  in  French,  is  thrown  away;  but 
in  France  it  has  long  been  the  custom  of  the  distiller  to  eva- 
porate these  liquids  to  dryness  and  to  calcine  the  mass  in  a 
reverberatory  furnace,  thus  destroying  the  whole  of  the  organic 
matter,  but  recovering  the  alkaliue  salts  of  the  beetroot.  In 
this  way  2,000  tons  of  carboaate  of  potash  are  annually  pro- 
duced in  the  French  distilleries.  For  more  than  thirty  years 
the  idea  has  been  entertained  of  collecting  the  ammonia  water, 
tar,  gas,  and  oils,  given  off  when  this  organic  matter  is  calcined; 
but  the  practical  realisation  of  the  project  has  only  quite  re- 
centiy  been  accomplished,  and  a  most  unexpected  new  field  of 
chemical  industry  thus  opened  out  through  the  persevering  and 
sagacious  labours  of  M.  Camille  Vincent'  of  Faiis.  In  this 
process  the  spent-wash,  after  evaporation,  is  submitted  to  dry 
distillation.    The  distillate  consists  of  a  complex  mixture  of 

>  Str.  Sntw.  Ckem.  Tnd.  ii  277. 

'  OampC.  Send.  Izuir.  214 ;  SuU.  Soe.  Chint.  12\  zzvii.  IM ;  Expo*.  tTniv. 
1S78,  Piod.  Chim.  graape  6,  cImm  i7. 
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chemical  products,  reaembliog  in  tlds  reapect  Mia  corresponding 
product  in  the  manufacture  of  coal-gM.  It  ia,  however,  die- 
tiuguished  from  thia,  and  approximates  in  composition  to  the 
products  of  the  dry  distillation  of  wood,  by  containing  not  only 
ammoniacal  salts,  but  especially  trimethylamine,  acetonitril,  and 
methyl  alcohoL  The  distillate  having  been  neutralised  by  sul- 
phuric a£id,  ia  evaporated  in  retorts,  when  the  two  latter  com- 
pounds  distil  over.  The  nitril  is  decomposed  hy  rectification 
over  lime  into  acetic  acid  and  ammonia,  and  the  distillate 
coDtaina  dilute  methyl  alcohol,  which  may  be  dehydrated  by 
a  second  treatment  with  caustic  lime. 

The  best  commercial  wood-«pirit  oontaina  about  95  per  cent, 
the  more  common  varieties  75  to  90  per  cent  of  the  pure  alcohol, 
whilst  aome  aamples  may  contain  only  from  35  to  40  per  cent  of 
pure  substance.^  Besides  water,  it  contains  acetone  and  other 
bodies. 

Z39  Preparation  of  pure  MuKyl  AloohoL  In  order  to  prepaie 
pure  methyl  alcohol  the  method  suggested  hy  Wobler  *  is  boat 
employed.  This  consists  in  preparing  &om  the  commercial 
article  crystalline  methyl  oxalate,  (CH,),Cj04,  a  body  which 
boils  at  162°,  is  easy  to  purify,  and  is  readily  converted  into  oxalic 
acid  and  pure  methyl  alcohol  by  beating  with  water.  According 
to  Erienmeyer  '  this  ethereal  salt  is  best  obtained  by  dissolving 
anhydrona  oialic  acid  in  boiling  wood-apirit  The  crystals  which 
aeparate  out  on  cooling  are  then  washed  with  water  hy  means 
of  a  filter-pump,  until  the  liquid  which  ru&a  off  does  not 
give  the  iodoform  reaction.  It  ia  then  boiled  with  water  in 
a  flask  connected  with  a  reversed  liebig's  condenser,  in  order 
to  decompose  the  ethereal  salt  completely,  for  which  purpose  the 
ebullition  must  continue  for  at  least  three  hours ;  an  addition  of 
caustic  soda  facilitates  the  decomposition.  According  to  Carius,* 
methyl  benzoate,  CH^C^H^O,,  may  be  employed  instead  of  the 
oxalate.  This  is  obtained  easily  hy  saturating  a  solution  of 
benzoic  acid  in  methyl  alcohol  with  hydrochloric  acid,  and  then 
removing  the  more  volatile  ethereal  product  hy  distillation. 
The  residue  is  washed  with  water  and  then  decomposed  by 
heating  with  caustic  soda. 

It  has  already  been  meutioned  that  the  ethereal  oil  of  the 
QauUheria  procumima  chiefiy   consiats   of  methyl   salicylate, 


*  ^m,  Chtm.  Pharm.  ci 
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GSyCj'Rfi^,  boiling  at  224°.  This  was  formerly  employed  for 
the  preparatioD  of  pure  methyl  alcohol.  As  salicylic  acid  is 
now  prepared  oa  a  la^  commercial  scale,  the  artificial  salt  may 
be  made  use  of  instead  of  benzoic  acid  for  the  purification  of 
vood-spirit 

Purified  wood-spirit,  as  we  have  seen,  frequently  contuns 
acetone,  a  body  boiling  at  56",  or  9°  lower  than  methyl  alcohoL 
This  compound  may,  however,  be  almost  completely  separated 
by  fractional  distillation,  and  the  product  thus  obtained,  termed 
in  French  methylines  de  qume,  easily  yields  pure  methyl  alcohol 
by  converting  it  into  methyl  formate,  CH^CHO,,  a  body  which 
boils  at  32°,  and  which  is  readily  decomposed  by  caustic  soda.' 

Pure  methyl  alcohol  obtained  according  to  one  or  other  of 
these  methods  may  be  distilled  &om  a  water-bath  in  order  to 
remove  the  water  with  which  it  is  mixed,  and  then  allowed  to 
stand  over  ignited  carbonate  of  potash  for  a  long  time,  and 
afterwards  rectified  over  either  &eshly  burnt  lime  or  anhydrous 
potassium  ferrocyanide.  The  product  thus  obtained  still  con- 
tains small  quantities  of  water  which  can  only  be  got  rid  of  by 
rectification  over  metallic  sodium  or  phosphorus  pentoxida 

130  Properties.  Pure  methyl  alcohol  is  a  colourless  mobile 
liquid  possessing  a  pure  vinous  smell  similar  to  that  of  common 
alcohol  and  having  a  specific  gravity  of  0*8142  at  0°  (Eopp), 
The  boiling  point  aa  given  by  various  observers  varies  from  58°'6 
to  66°'5.  This  is  partly  to  be  explained  by  the  fact  that  the  eariy 
experimenters  operated  upon  an  impure  compound,  and  partly 
also  because  the  substance  retains  water  with  the  greatest 
avidity.  The  perfectly  anhydrous  compound  boils,  according 
to  Dittmar  and  Stewart'  at  55°'l,  whilst  Eopp*  formerly  found 
the  boiling  point  to  be  54°'6  to  &S'%  The  vapour  density  of 
methyl  alcohol  was  first  determined  by  Dumas  and  PSigot,  and 
found  to  be  112. 

Methyl  alcohol  ia  miscible  with  water  in  all  proportions,  a 
contraction  and  consequent  evolution  of  heat  occurring,  this 
being  greatest  when  the  relation  of  one  molecule  of  methyl 
alcohol  to  three  of  water  is  preserved.  On  ignition  it  bums 
with  a  pale  blue  fiame,  like  common  alcohol,  which  it  also 
resemble!^  inasmuch  as  it  acts  as  a  solvent  for  many  substances 
which   are  insoluble  in  water,  such  as  &ts  and   volatile  oils, 

>  KiSmerMid  Gradiki,  Ber.  DnOtA,  Chtm.  Ga.  ii.  1S28;  Bardr  and  Bordst, 
Bnll.  Soc.  Chim.  xxxi.  531. 
*  Chem.  ^mo,  xzziii.  35.  *  Ann.  Chem,  Phamt.  xcir.  ££7. 
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camphor,  resins,  &c.  The  alkalis  and  vnrious  salts  are  also 
soluble  in  this  menatnium,  whilst  bodies  which  do  not  dissolve 
in  common  alcohol,  such  as  potassium  carbonate,  potassium 
sulphate,  &c.,  are  likewise  iosoluble  in  methyl  alcohol.  Potas- 
sium and  sodium  dissolve  in  methyl  alcohol  with  evolution  of 
heat  and  liberation  of  hydrogen,  Oiystals  separate  out  from  such 
solutions  which  consist  of  compounds  of  the  corresponding 
methylate  with  methylic  alcohol  The  potassium  salt  possesses 
the  composition  CH^OK  +  CH,OH.'  These  bodies  are  instantly 
decomposed  by  water,  with  formation  of  caustic  potash  and 
methyl  alcohol.  Anhydrous  baiyta  dissolves  in  pure  methyl 
alcohol  with  evolution  of  heat,  and  on  evaporating  the  solution 
in  a  vacuum,  crystals  of  BaO  +  2CH^0  are  deposited  (Dumas 
and  Peligot).  When  thallium  ethylate  C^HjOTI,  a  liquid  obtained 
by  the  action  of  ethyl  alcohol  on  thallium  is  poured  into  excess 
of  methyl  alcohol,  thallium  methylate,  CH^OTI,  separates  out 
in  the  form  of  a  white  granular  precipitate,  which  when  ignited 
bums  with  a  beautiful  green  flame.  This  compound  is  soluble 
in  ether  and  alcohol,  and  is  decomposed  by  water  with  formation 
of  thallium  hydroxide  {Lamy).  Anhydrous  calcium  chloride 
dissolves  in  methyl  alcohol  with  evolution  of  heat.  Six-aded 
tables  of  the  compound  CaCl,  +  4CH^0  separate  out  on  cooling 
the  concentrated  solution.  These  are  very  deliquescent  and 
quickly  decomposed  by  water,  but  may  be  heated  in  dry  air  to 
1 00°  without  losing  methyl  alcohol  (Diimas  and  F^igot).  Hence 
tliia  compound  was  formerly  used  for  the  purification  of  wood- 
^rit*  The  raw  product  was  saturated  with  calcium  chloride, 
and  this  then  distilled  on  a  water-bath  until  the  excess  of  wood- 
spirit,  acetone,  and  other  easily  volatile  constituents  had  passed 
over.  The  residue  was  then  heat«d  with  water  and  distilled, 
when  the  purified  wood-spirit  first  came  over,  and  this  was 
afterwards  dried  as  above  described.  Similar  compounds  with 
lithium  and  mt^esium  chlorides,  containing  respectively  Uiree 
and  six  molecules  of  methyl  alcohol  to  one  molecule  of  metallic 
chloride,  have  been  prepared  by  Simon.' 

Purified  wood-spirit  was  formerly  employed  instead  of  spirit 
of  wine  as  a  source  of  heat,  and  as  a  solvent  for  various  gums 
and  resina  At  the  present  day  it  is  very  largely  used  in  the 
manufacture  of  aniline  colours,  and  it  is  important  for  this 

'  Wiedmann  mid  Scliveizcr,  Jmirv.  Pr.  Chan,  xxiii.  B. 
■  KsDe,  rhil.  Mag.  [3],  z.  ib,  116, 
*Btr.  lieutuh.  Cbcm.  Oct.  lii.  1281. 


;abyG00<^lc 


200  THE  METHYL  GROUP. 

manufacture  to  be  able  to  determine  the  quality  of  the  com- 
mercial product  by  a  simple  method.  If  the  substance  should 
only  contain  water  the  matter  is  eaay  enough,  for  mixtures  of 
methyl  alcohol  and  of  ethyl  alcohol  with  water  exhibit,  aa  Deville  ^ 
has  proved,  almost  the  same  specific  gravity  for  equal  percentage 
mixtures,  and  hence  tables  made  for  the  purpose  of  obtainiiig 
the  strength  of  dilute  spirit  of  wine  may  be  employed  for  wood- 
spirit.  Dupr6  *  has  also  determined  the  specific  gravity  of  dilute 
aqueous  solutions  of  wood-spirit  of  various  strengths.  Mote 
commonly,  however,  acetone  and  other  ketones  are  present,  as 
well  as  water,  in  common  wood-spirit,  and  this  lowers  the  value 
of  the  commercial  article,  not  only  by  dilution,  but  also  because 
their  presence  acts  prejudicially  on  the  colour.  For  the  purpose 
of  analysing  commercial  wood-spirit  it  is  usual  to  prepare  methyl 
iodide  from  it,  and  determine  from  the  quantity  of  this  com- 
pound obtained,  the  value  of  the  methyl  alcohol  This  method, 
first  proposed  by  Erell,'  has  been  worked  out  by  Kramer  and 
Grodzki,*  as  well  as  by  Bardy  and  fiordet.' 


METHYL  OXIDE  OR  DI-METHYL  ETHER, 

(CBy,o. 

131  This  compound  was  first  prepared  in  1835  by  Dumas  and 
F^ligot '  by  heating  the  alcohol  with  sulphuric  acid,  and  termed 
by  them  hydrate  of  methylena.  Ebelmen'  afterwards  showed 
that  boron  trioxide  may  be  employed  instead  of  sulphuric  acid. 
It  was  then  supposed  that  methyl  oxide  was  formed  by  the 
withdrawal  of  the  elements  of  water  from  the  alcohol.  This, 
however,  is  not  the  case,  as  will  be  afterwards  explained  (see 
Etherification,  und^  "  Ethyl  Ether  "). 

Id  order  to  prepare  this  compound,  a  roixtore  of  thirteen 
parts  of  methyl  alcohol  and  twenty  of  sulphuric  acid  is  gently 
heated  to  a  temperature  of  140'  in  a  flask  provided  with  a 
reversed  condenser.  The  gaa  which  comes  off  is  washed 
through  caustic  soda  in  order  to  remove  sulphur  dioxide  and 
carbonic  acid,  and  then  passed  into  sulphuric  acid,  which 
absorbs  600  times  its  own  volume.  It  appears  that  in  this 
case  the  compound  H,SO.  +  (CH,)(0  or  SO(OH)j(0CH,),  is 

'  ^nn.  Chim.  Pky$,  13],  v.  ]3»,  '  /Vw.  Hog.  See.,  Jti.  8S6. 

■  Bar.  DeuUA.  Cfima.  Oa.  1S7S,  1310.  *  Ibid.  ]S7i,  li93. 

•  Hull.  Soc  Chim.  KiiiL  *,  •  Ani^  Ckim,  Pky*.  [2],  iTiii,  19. 

'  Ibid.  [8],  ZTL  13S. 
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formed.  This  may  be  preserved  vithoat  alteratioD,  and  when 
it  is  allowed  to  drop  into  an  equal  volume  of  water  methyl 
oxide  is  evolved.^ 

Methyl  ether  is  now  prepared  on  a  large  scale  for  the  pro- 
duction of  artificial  cold.  For  this  purpose  one  part  of  sulphuric 
acid  is  mixed  with  rather  more  than  one  part  of  anhydrous 
wood-spirit,  and  the  mixture,  which  must  he  of  specific  gravity 
1-29,  heated  to  a'temperature  of  125°  to  128°,  care  being  taken 
that  the  temperature  does  not  rise  above  130°,  As  soon  as  no 
more  ether  is  evolved,  the  liquid  is  allowed  to  cool,  and  a  suffi- 
cient quantity  of  wood-spirit  added  to  the  residue  to  bring  up 
the  specific  gravity  to  1  '29.  By  repeating  this  operation,  a  large 
quantity  of  methyl  ether  can  be  obtained  by  the  employment  of 
a  small  quantity  of  sulphuric  acid.  The  gas  dunng  its  evolu- 
tion is  washed  by  passing  through  camtic  Boda  solution  and 
over  chloride  of  calcium,  and  being  thus  freed  from  carbonic 
acid,  sulphur  dioxide,  and  water,  is  then  condensed  to  a  liquid 
by  pressure.* 

Methyl  ether  is  an  agreeably  smelling  gas  which,  when 
ignited,  bums  with  a  bluish  flame,  and  which  maybe  condensed 
by  pressure  or  cold  to  a  mobile  liquid  boiling  at  — 21°  (Ber- 
thelot).  Methyl  ether  is  readily  soluble  in  wood-spirit,  spirit 
of  wine,  and  common  ether ;  it  is  less  soluble  in  water,  which, 
however,  absorbs  at  18°  about  thirty-seven  times  if«  volume, 
acquiring  a  burning  taste.  If  methyl  oxide  be  brought  in  con- 
tact with  dry  hydrochloric  acid  in  a  freezing  mixture,  a  colour- 
less mobile  fuming  liquid  is  formed  which  begins  to  boil  with 
decomposition  from  -3°  to  —V,  and  which  contains  thirty-seven 
to  thirty-nine  per  cent,  of  chlorine,  nearly  corresponding  to  the 
formula  (CS^fi,S.C\.^  Water  decomposes  it  instantly  into  its 
constituents.  By  the'actioa  of  chlorine  on  this  ether,  substitu- 
tioD-]»t>ductfl  are  obtained,  of  which  the  first  is  monocLlor- 
methyl  ether,  CFgOCHjCl,  boiling  at  59°'7,  and  the  last 
perchlormethyt  ether,  (CC?lj>,0,  a  liquid  which  on  heatii^ 
yields  tetrachlor-methane,  CCl^,  and  carbonyl  chloride,  COCly 

'  ErlcnmeTeT  and  Kriechbianin',  Dmt$iA.  Chan.  Oa.  Ber.  vii,  fl99, 

*  Telllw,  ArtA.  Fhami.  i.  67. 

*  Friedel,  CtnnpL  Btnd,  IzxxL  1G2. 


)vGooi^lc 


THK  METHYL  GROUP. 


ETHEREAL  SALTS  OP   METHYL. 

13a  Methyl  Chloride,  CH3CI,  voa  discovered  by  Dumas  and 
Fiiligot,  who  prepared  it  byj  beating  a  mixture  of  one  part  of 
wood-spirit,  two  parts  of  common  salt,  and  tbree  parts  of 
sulphuric  acid.  The  compound  thus  obtained  is,  however,  not 
pure,  but  contains  methyl  oxide  and  sulphur  dioxide. 

In  order  to  prepare  pure  methyl  chloride,  zinc  methyl  is 
dissolved  in  double  its  weight  of  wood-spirit,  and  hydrochloric 
acid  led  into  the  boiling  liquid  contained  in  a  flask  fumiahed 
with  a  reversed  condenser.'  Methyl  chloride  is  also  ohtained 
when  the  so-called  baeic  cacodyl  sesquichloride  (Buosen)  and 
cacodyl  dichloride  (Baeyer)  are  heated.  It  is  likewise  formed  as 
the  first  substitution-product  when  chlorine  is  allowed  to  act 
upon  methane  in  diffused  daylight  (Dumas). 

It  was  formerly  believed  that  the  body  obtained  by  this  last 
process  was  an  isomeride  of  methyl  chloride,  as  it  was  said  to 
exhibit  a  peculiar  reaction  with  water.  Berthelot,' however,  has 
shown  that  the  substances  obtained  by  these  various  processes 
are  identical,  and  that  the  last  preparation,  like  the  chloride 
obtained  in  other  ways,  yields  methyl  alcohol  when  heated  to 
100°  with  caustic  potash,  whilst  when  treated  with  sulphuric 
acid  and  sulphate  of  silver  or  mercury,  methyl  sulphuric  acid  is 
formed,  and  this  on  heating  with  sodium  acetate  and  acetic 
acid  to  200°  yields  methyl  acetate. 

Methyl  chloride  has  recently  been  obtained,  as  has  been 
stated,  on  a  large  scale  in  the  dry  distillation  of  the  beetroot 
"  vinasses,"  which  contains  a  large  quantity  of  trimethylamine. 
This  base  is  neutralised  with  hydrochloric  acid  and  the  con- 
centrated solution  heated  to  260°,  when  a  regular  evolution 
of  methyl  chloride  and  trimethylamine  commences : 

3  N(CFj),  CIH  =  2CH,C1  -|-  2N(CH3)j  -f  CH,NH,  -f  HC?I. 

The  residue,  which  also  contains  hydrochloride  of  methylamine 
as  well  as  sal-ammoniac,  is  either  worked  up  for  the  methyl  base, 
or  by  heating  it  to  300°,  more  methyl  chloride  can  bo  obtained 
together  with  methylamine  and  ammonia.  The  methyl  chloride 
thus  obtained  is   separated  from  the  alkaline  compounds  by 
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treatment  with  hydrocbloric  acid  ;  and  after  diTiDg  over  calciain 
chloride  it  is  condensed  by  presBure  and  preserved  in  cylinders 
made  of  strong  wrought  iron  or  copper.  A  mobilo  ethereal- 
smelling  liquid  is  thus  obtained  which  boils  at  —23V  ^^^  when 
ignited  bums  like  other  organic  chlorine  compounds,  with  a 
green  bordered  flame.     Its  specific  gravity  is  as  follows: 

At -30' =  00990 
-25° -0-9915 
-  O"- 09523 
+ 15'  »  0-9247 

The  tension  of  the  vapour  being : 

At  0°  =  2*48  Atmospherea. 
15°  =  411 
20°  <=  4-81 
25°  =  6-62 
30°  -  6-60 
35°  =  7-50 

The  vapour  density  of  methyl  chloride  was  first  determined  by 
Dumas  and  Fdligot  and  found  tt^  be  1'730. ,  Methyl  chloride 
is  only  slightly  soluble  in  wat^,  but  dissolves  readily  in  alcoboL 
The  neutral  solution  ia  not  precipitated  by  silver  nitrate.  It 
forms  with  water  at  6°  a  solid  hydrate  which  separates  out  in 
amorphous  flakes  when  the  gas  is  led  into  cold  water,  but  may 
be  obtained  in  large  crystals  by  the  cooling  of  the  aqueous 
solution. 

It  has  already  been  mentioned  tbat  methyl  chloride  obtained 
from  marsh  gas  was  formerly  supposed  to  be  an  isomeric 
modification;  this  was  not  only  because  it  was  believed  to 
be  less  soluble  in  water  that  the  chloride  obtained  by  other 
means,  but  also  that  it  did  not,  like  the  latter,  yield  a  bydratei 
The  observations  upon  which  this  conclusion  was  based  no 
doubt  depend  on  the  fact  that  by  the  action  of  chlorine  upon 
methane  a  mixture  is  obtained  which  contains  not  only  unaltered 
marsh  gas,  but  also  higher  substitution-products. 

Kethyl  chloride  is  largely  used  for  the  preparation  of  Tarioos 
aniline  colours,  as  well  also  as  a  means  of  producing  artificial 
cold.  For  this  latter  purpose  it  will  doubtless  prove  of  great 
Bervice  both  in  the  laboratory  and  on  the  larger  industrial 

'  VinOTnt  lud  DelBchana),  Butt.  Soe.  Chlnt.  xxxi.  II. 
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Hcald.  Wbea  the  liquid  is  allowed  to  escape  from  the  receiver 
into  an  open  vessel,  it  begins  to  boU,  and  in  a  few  moments 
the  temperature  of  the  liquid  is  lowered  by  the  ebullition  to 
below  —23°,  the  boiling  point  of  the  chloride.  The  liquid 
then  remiuns  for  a  length  of  time  in  a  quiescent  state,  and 
may  be  used  as  a  freezing  i^ent  By  increasing  the  rapidity 
of  the  evaporation  by  means  of  a  current  of  air  blown  through 
the  liquid,  or  better,  by  placing  the  liquid  in  connection  with 


a  good  air-pump,  the  temperature  of  the  liquid  can  in  a 
few  moments  be  reduced  to  —55°,  and  large  masses  of  mercury 
easily  solidified.  The  construction  of  a  small  freezing  machine 
employed  by  M.  Camille  Vincent  is  shown  in  Fig.  61.  It  consists 
of  a  double-cased  copper  vessel,  between  the  two  casings  of 
which  the  methyl  chloride  (A)  is  introduced.  The  central  space 
(M)  is  filled  with  some  liquid  such  as  alcohol,  incapable  of  soli- 
dification.    The  chloride  of  methyl  is  allowed  to  enter  &om  the 
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cylindrical  reservoir  (P)  by  the  screw  tap  (B),  the  screw  (S)  being 
left  open  to  permit  of  the  escape  of  the  gas.  As  soon  as  the  whole 
mass  of  liquid  has  been  reduced  to  a  temperature  of  — 23^ 
ebulliUon  ceases,  the  screw  (S)  may  be  replaced,  and  if  a  tem- 
perature lower  than  —23°  be  required,  the  tube  (B)  placed  in 
connection  with  a  good  air-pump.  By  this  simple  means  a  litre 
of  alcohol  can  be  kept  for  several  hours  at  temperatures  either 
of —23°  or — 55°,  and  thus  a  Urge  number  of  experiments  caube 
performed  for  which  hitherto  the  expensive  liquid  nitrous  oxide 
or  solid  carbonic  acid  was  required. 

M.  Vincent  has  recently  constructed  a  much  lai^r  and  more 
perfect  and  continuous  form  of  freeing  machine,  in  which,  by 
means  of  an  air-pump  and  a  forcing  pump,  the  chloride  of  methyl 
is  evaporated  in  the  freezing  machine  and  again  condensed  in  the 
cylinders.  This  enlarged  form  of  apparatus  will  probably  com- 
pete favourably  with  the  ether  and  the  sulphurous  acid  freez- 
ing machines  now  in  use,  aa  it  can  be  simply  constructed,  and  as 
the  vapour  and  liquid  do  not  attack  metal  and  are  non-poisonous, 
and  the  frigorific  effects  which  it  is  capable  of  poducii^  are 
most  eaeigetic, 

233  Methyl  Bromide,  CE,Br.  This  substance  was  first  pre- 
pared by  Bunsen,'  by  gently  beating  basic  cacodyl  super- 
bromide,  as  (CHj),  (OH)jBr,  It  is  a  colourless  gaa  which  at 
—17*  condenses  to  a  colourless  liquid.  Pierre '  obtained  it  by 
acting  with  ordinary  phosphorus  on  a  well-cooled  mixture  of 
wood-spirit  and  bromine.  According  to  him  it  is  a  sweetly 
smelling  ethereal  liquid  which  boils  at  -I-  13°  and  has  a  specific 
gravity  at  0°  of  1-664. 

Amorphous  phosphorus  is  now  generally  employed  in  this, 
as  in  the  preparation  of  other  bromides  and  iodides.*  In 
this  instance  133  grams  of  amorphous  phosphorus  and 
800  grains  of  methyl  alcohol  are  mixed  in  a  large  retort  sur- 
rounded by  ice-<»ld  water  and  furnished  with  a  reversed  con- 
denser. To  this  800  grams  of  bromine  is  gradually  added  by 
means  of  a  stoppered  funneL  After  leaving  the  amorphous 
phosphorus  in  contact  for  several  hours,  the  liquid  is  distilled,  and 
the  vapour  condensed  in  a  receiver  surrounded  by  a  freezing 
mixture.  The  product  is  washed  with  alkaline  water  and  dried 
over  calcium  chloride.  The  bromide  thus  obtained  has  aspectflo 
gravity  of  173  at  0°  and  boils  at  4.°3.     Merrill  explains  the 
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difference  between  his  Teenlts  and  those  before  described,  by  tlie 
supposition  that  Pierre's  compound  contained  water. 

Fore  methyl  bromide  has  a  pleasant  ethereal  smell,  resembling 
that  of  chloroform,  and  a  burning  taste.  Its  rapour  denuty 
is  3'253  (Bunsen).  When  a  £ame  is  brought  near  the  gaseous 
compound  it  bums  with  a  gceenish-brown,  slightly  luminous 
fiame,  giving  off  vapours  of  bromine  and  hjdrobromic  acid. 
When  the  source  of  heat  is  removed  the  dame  is  at  once 
estingutshed.  It  forms  with  water  a  white  crystalline  hydrate 
which  does  not  exist  above  i"  and  probably  consists  of 
CH,Br  +  20HgO  (Merrill). 

134  Methyl  Iodide,  GH,I,  was  first  pr^iared  by  Dumas  and 
FeUgot  by  the  action  of  iodine  on  common  phosphorus  and  wood- 
spirit.  This  compound,  like  many  iodides,  easily  undergoes 
double  decomposition  with  other  bodies,  and  therefore  is  largely 
used  for  the  preparation  of  other  methyl  compounds.  It  has 
consequently  been  a  matter  of  some  importance  to  discover  the 
most  economical  method  of  preparation.' 

At  the  present  day  methyl  iodide  is  prepared  on  a  large  scale 
by  the  use  of  commercial  amorphous  phosphoma  To  a  mixture 
of  35  parts  of  purified  wood-spirit,  100  parts  of  iodine  and  10 
parts  of  amorphous  phosphorus  are  gradually  added  : 

10  CHj.OH  +5  Ij+Fj  =  10  0H,I+2  F0(0H},  +  2  H,0. 

It  is  here  seen  that  the  phosphorus  is  in  excess.  A  somewhat 
smaller  quantity  may  be  employed,  but  the  excess  appears  to  in- 
crease the  rapidity  of  the  reaction,  and  that  which  is  not  used 
can  easily  be  regained.  The  mixture  is  allowed  to  stand  over 
night,  and  then  the  methyl  iodide  distilled  off,  the  distillate 
being  washed  with  dilute  caustic  soda  and  dried  over  calcium 
ch]«>ride.  Like  the  chloride  and  other  methyl  compounds,  the 
iodide  is  largely  employed  in  the  manufacture  of  the  various 
aniline  colours. 

Methyl  iodide  is  a  colourless,  powerfully  refracting  liquid,  hav- 
iDg  B  specitio  gravity  of  2'26d  at  25'  and  boiling  at  42'''5  (Linne- 
mann).  Its  vapour  density  was  found  by  Marcband  to  be 
5'4<17.'  It  possesses  a  peculiar  ethereal  smell,  and  on  exposure 
to  light  turns  brown  from  liberation  of  iodine.  When  heated 
with  sixteen  times  its  volume  of  water  for  eight  hours  to  100°  it 

>  Lnndolt,  Ann.  Chem,  Pharni.  Ixixiv.  11 ;  Hofmann,  Quart.  Joum.  CTuml 
Soe.xi]i.  6S. 

*  Joum.  Fnui,  Chan.,  izxiii.  13II. 
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is  decomposed  with  formation  of  metbyl  alcohol  and  h^driodic 
acid.' 

Methyl  iodide  can  he  inflamed  only  with  diEBculty,  and  bums 
when  a  flame  is  brought  into  its  neighbourhood  with  a  steel^rey 
coloured  flame  and  with  evolation  of  dense  violet  fumes  of 
iodine. 

Methyl  Fluoride,  CHjF,  waa  first  prepared  by  Dumas  and 
Peligot*  in  1836,  by  heating  potassium  fluoride  with  potassium 
methyl  sulphate.  It  is  a  colourless  gas  with  an  ethereal  odour, 
which  takes  fire  and  bums  with  a  blue  flatne  with  formation 
df  hydrofluoric  acid. 

135  Normal  Methyl  Sulphite,  (CH,)j  SOj,  ia  formed  by  the 
action  of  thiooyl  chloride,  SOCIj,  on  wood-spirit.  It  is  a  pleasant 
smelting  liquid  boiling  at  121°'^  and  having  a  specific  gravity 
at  16°  of  10456.*  Ebelmen  and  Bouquet  found  the  vapour 
density  to  be  478.  If  a  small  quantity  of  caostic  potash  be 
added  bo  its  alcoholic  solutiou,  needles  of  potassium  methyl 
sulphite,  K(CH^SO,  are  deposited. 

Hydrogen  Methyl  Sulphate,  or  Methyl  Sulphuric  Adtf, 
H{CHj)SO^,  was  obtained  by  Dumas  and  Pijligot  by  mixing  one 
part  of  methyl  alcohol  with  two  parts  of  sulphuric  acid,  when 
the  mixture  becomes  hot  and  the  following  reaction  takes  place  ; 

CH^OH  +  H^O,  =  H(CHj}SO.  +  H,0. 

A  limit  is  placed  on  the  reaction  by  the  formation  of  water, 
and  for  this  reason  the  liquid  always  contains  free  sulphuric  acid 
and  methyl  alcohol.  In  order  to  remove  these,  the  mixture  is 
diluted  with  water,  neutralised  with  barium  carbonate,  filtered, 
and  sulphuric  acid  added  to  the  solution  until  all  the  barium  is 
thrown  down.  The  filtrate,  on  evaporation  in  a  vacuum,  is  aald 
to  yield  methyl  sulphuric  acid  in  deliquescent  crystals,  although 
this  statement  ia  denied  by  Claesson.*  He  obtained  the  anhy- 
drous acid  by  allowing  methyl  alcohol  to  drop  into  chlorsulphonic 
acid  cooled  by  ice  : 

so,  I  gf  +  HO.OH.  =  SO,  {  °  Jg^       +  HCl. 

The  product,  which  contains  Eome  free  sulphuric  acid 
together  with  hydrochloric  acid  and  methyl  chlorosulphonate, 

^  Hiederist,  LMiga  ^rmaUn,  cxevi.  349, 

•  Ann.  Chim.  Phj/t.  [2],  lii.  193. 

•  Cariai,  Ann.  Chem.  Pharm.  ex.  219 ;  exi.  97. 

•  Joam.  Ft.   Chma.  N.  F,  lii,  231. 
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SOjCl(OCHg),  ia  an  oily  liquid  vbich  does  not  adhere  to  glass 
and  does  not  solidify  at  —30°.  If  its  aqueous  solution  be 
allowed  to  evaporate  in  a  vacuum  no  crystals  are  obtained. 
On  heating  methyl  sulphuric  acid  with  methyl  alcohol,  methyl 
oxide  ia  formed,  this  substance  being  also  produced,  as  has 
been  stated,  by  the  action  of  sulphuric  acid  upon  the  alcohol : 


'l!}o  +  so.|°«H.  =  g^}o  +  so.{^ 


Methyl  sulphuric  acid  is  monobasic,  forming  salts,  most  of  which 
crystEdlise  well. 

Potataium  ifelhyl  Sulphate,  2K(CH,')S04  +  H,0,  forma  deli- 
quescent monoclinic  tables. 

Calcium  Methyl  Sulphate,  Ca(CHj)j(SO^j,  crystallises  in 
deliquescent  octohedrons. 

Banum  Methyl  SvlphaU,  Ba(CH3),(S0J,  +  2H.0,  forma 
monoclinic  tables  and  possesses  a  sweet  taste. 

Lead  Methyl  Sulphate,  Pb(CHj)j(SO«),  +  HjO,  crystallises  in 
long  prisms ;  it  decomposes  on  heating  into  lead  sulphate  and 
normal  methyl  sulphate. 

Normal  Methyl  Sulphate,  {CH(),SO^,  This  compound,  which 
has  also  been  called  sulphuric  methyl  ether,  was  prepared  by 
Dumas  and  F^ligot '  by  distilling  1  part  of  methyl  alcohol  with 
8  to  10  parts  of  sulphuric  acid.  According  to  Claessen,*  how- 
ever, this  method  yields  only  a  small  product,  as  a  large  pro- 
portion of  the  alcohol  is  decomposed  by  the  sulphuric  acid 
with  formation  of  Bulphurous  acid  even  when  carefully  heated. 
A  better  method  is  to  heat  anhydrous  methyl  sulphuric  acid 
under  diminished  pressure  to  a  temperature  of  130°  to  140°, 
when  the  sulphate  distils  over ; 

2  H(CH,)SO^  =  Hg  SO,  +  (CHJjSO,. 

It  is  a  colourless  liquid  possessing  a  smelt  resembling  pepper- 
mint and  boiling  at  187°  to  188°,  undergoing  slight  decomposi- 
tion, but  distilling  unaltered  in  a  vacuum.  Its  specific  gravity 
is  1327  at  18°.  When  heated  with  water  it  decomposes  into 
methyl  alcohol  and  methyl  sulphuric  acid,  which  on  further 
boiling  yields  alcohol  and  free  sulphuric  acid. 

Methyl  Nilrile,  CHjNOi,  was  first  obtained  byStrecker*  by 

'  Aim.  Ckim.  PKyi.  Ivi. 
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heating  wood-spirit  and  nitric  acid  together  with  copper  or 
arsenic  triozide.  The  nitrogen  trioxide  which  is  formed  acts 
upon  the  alcohol  as  follows : 

2  CHg.OH  +  N,Oj  -  2  CHg.NO,  +  HjO. 

It  is  also  prodaced  when  nitric  acid  acts  upon  hruciae.  It  is 
an  etbereal-smellit^  gae,  which  condenses  at  a  low  temperature 
to  a  colourless  liquid  boilii^  at  — 12°. 

136  Methyl  NUraU,  GH^NO^  According  to  Dumas  and 
Feligot '  this  ether  is  formed  in  small  quantity  by  heating  nitric 
acid  and  methyl  alcohol.  A  laiger  yield  was  obtained  by  adding 
a  freshly-prepared  mixttire  of  sulphuric  acid  and  wood-spirit  to 
saltpetre,  the  heat  evolved  in  the  reactioo  being  sufficient  to 
vaporize  the  compound.  The  product  obtained  was,  however,  not 
pure.  It  began  to  boil  at  60°,  whilst  the  portion  coming  over 
at  66°  poaseased  approximately  the  composition  of  the  nitrate. 
That  it  chiefly  consisted  of  this  substance  is  seen  by  the  fact 
that  on  the  addition  of  alcoholic  potash,  crystals  of  nitre  were 
rapidly  formed.  Carey  Lea,*  however,  could  cot  ohtuu  methyl 
nitrate  in  this  way.  He  succeeded  in  preparing  it  by  employing 
the  method  suggested  by  Millon  for  the  preparation  of  ethyl 
nitrate.  Nitric  acid  alone  acts  chiefly  as  an  oxidizing  agent 
with  formation  of  nitrous  fumes,  and  converts  the  alcohol  into 
nitrite.  This  action  is,  however,  avoided  by  the  addition  of 
urea,  which  at  once  destroys  the  nitrous  acid  formed.  In  order 
to  prepare  methyl  nitrate,  150  cc.  of  pure  nitric  acid,  having  a 
specific  gravity  of  I'31,  are  brought  into  a  retort  together  with 
40  grams  of  nitrate  of  urea,  and  to  this  200  cc.  of  methyl 
alcohol  are  added  and  the  mixture  carefully  distilled  to  one-thiid, 
ISO  cc.  of  nitric  acid  and  170  cc.  of  wood-spirit  are  then  added, 
and  the  mixture  again  distilled  to  one-third,  and  at  last 
10  grams  of  nitrate  of  area,  110  cc.  of  nitric  acid,  and  150  cc. 
of  methyl  alcohol,  and  this  is  again  distilled  to  one-third.  The 
distillates  are  then  mixed  and  shaken  up  with  a  solution  of 
common  salt,  the  ether  which  separates  out  being  washed  with 
a  dilute  solution  of  potassium  carbonate.  Methyl  nitrate  is 
also  easily  obtained  by  adding  2  parts  of  a  cold  solution  of 
methyl  alcohol  and  sulphuric  acid  to  a  cold  mixture  of  1  part 
of  nitric  acid  and  2  parts  of  sulphuric  acid. 
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Metb;L  nitrate  is  a  liqnid  of  aa  ethereal  odour,  which  at  20° 
has  a  specific  gravity  of  1*182.  V^hen  i^ited  it  bums  with  a 
bright  yellow  flame,  and  its  vapour  explodes  when  heated  above 
150'  with  such  force  that  a  cast-iron  boiler,  ia  which  a  glass 
balloon  contaiuing  200  cc.  of  vapour  was  placed,  was  fractured 
by  the  explosion ;  whilst  Dumas  and  F^ligot  found  that  wheD  a 
flame  was  brought  to  the  mouth  of  a  glass  bulb  containing  the 
vapour  placed  in  a  platinum  crucible,  not  only  was  the  bulb 
broken  but  the  platinum  crucible  was  torn  to  pieces.  Tho 
liquid  also  detonates  on  percussion.  If  a  piece  of  fitter  paper 
be  impregnated  with  the  liquid  and  then  struck  with  a  hammer 
on  an  anvil,  an  explosion  takes  place  as  violent  as  that  caused 
by  nitro-glycerin  (Girard). 

Carey  Lea,  in  1862,  showed  that  this  compound  may  be  used 
instead  of  the  much  more  expensive  iodide  of  methyl  in  the 
preparation  of  iodine-violet  and  iodine-green,  and  for  a  long 
time  it  was  employed  for  this  purpose.  It  is,  however,  no 
longer  used,  owing  to  the  series  of  fatal  explosions~which  have 
resulted  from  its  employment. 

137  Phosj^ite  of  Methyl  As  yet  only  the  methyl  phosphorous 
acid  P(0H)2(0CH,)  is  known.  This  ia  obtained  by  acting  on 
methyl  alcohol  with  phosphorous  trichloride  and  forms  a  syrupy 
very  acid  liquid  which  cannot  be  prepared  in  the  anhydrous  state 
as  on  heating  it  decomposes  into  alcohol  and  phosphorous  acid. 
It  is  monobasic  and  forma  a  series  of  solt^  which  have  been 
only  slightly  investigated.' 

Phosplwiea  of  Methyl.  The  orthophosphate,  P0(0CH,)3,  has 
not  been  prepared.  When  phosphorous  oxychloride  acta  on 
methyl  alcohol,  bibasic  methyl  phosphoric  acid,  PO(OCHj)(OH)j, 
and  monobasic  dimethyl  phosphoric  acid,  PO(OCH()i(OH),  are 
formed.  Each  of  these  yields  a  series  of  salts  investigated  by 
Schiff.'  The  free  acida  are  only  known  in  solution  as  thick 
acid  liquids! 

Methyl  ArsenUe,  AsfOCHg)^,  is  obtained  by  the  action  of 
sodium  ethylate  on  arsenic  tribromide,  in  the  form  of  a  liquid 
which  boils  at  128°  to  129^  and  is  instantly  decomposed  fay 
water  into  arsenic  trioxide  and  methyl  alcohol. 

Methyl  Arsenate,  A90(OCH3)3,  is  obtained  by  the  action  of 
methyl  iodide  on  silver  arsenate.  It  is  a  liquid  which  under- 
goes partial   decomposition  on  distillation  between   213°  and 
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215",  but  may  be  distilled  in  a  viicuum  without  decomposition. 
It  dissolves  in  water  with  formation  of  arsenic  acid  and  methyl 
alcohoL^ 

138  Borates  of  Methyl.  The  normal  ether,  or  methyl  ortho- 
borate,  B(OCHj)„  waa  prepared  by  Ebelmen  and  Bouquet  *  by 
passing  gaseous  boron  trifluoride  into  wood-spirit.  The  same  com- 
pound is  also  formed  when  pure  anhydrous  methyl  alcohol  is 
heated  with  boron  trioxide.'  It  ia  a  powerfiilly-smelUng  liquid, 
boilii^  at  65°  and  having  a  specific  gravity  of  0-94  at  0°.  When 
ignited  it  bums  with  a  very  brilliant  green-coloured  flame, 
mora  intense  thaQ  that  of  the  corrospondiog  ethyl  compound. 
It  is  therefore  preferable  to  use  wood-spirit  instead  of  common 
alcohol  in  testing  for  boric  acid. 

Mono-Methyl  Borate,  BO^CHy  is  also  formed  by  the  actiou 
of  boron  trioside  on  methyl  alcohol,  together  with  the.  normal 
ether.  This  la  a  syrupy  liquid  which  also  bums  with  a  bright 
green  flame  aod  decomposes  on  heating  into  the  ortho-ether 
and  a  glassy  residue  cousisting  of  the  compound  BjOjCHj.  AH 
these  ethers  decompose  water  with  formation  of  methyl  alcohol 
and  boric  acid,  and  for  this  reason  methyl  orthoborate  becomes 
turbid  on  exposure  to  moist  air. 

J39  Methyl  Ortkosilimte,  Si{OCH^)^,  is  formed  by  the  action 
of  silicon  tetraSuoride  on  anhydrous  methyl  alcohol.  It  ia  a 
liquid  of  ethereal  odour,  boiling  at  120°  to  122°  and  having  a 
Bpecific  gravity  at  0'  of  10589.  It  is  tolerably  readily  soluble 
in  water,  gelatinous  silicic  acid  separating  out  from  the  solution 
after  some  weeks.  If  aqueous  methyl  alcohol  be  employed  in 
the  above  reactions  ethyl  disilicate,  Si,OCOCHj)g,  is  formed. 
This  is  also  a  pleasantly-smelling  liquid,  boiling  between  201* 
and  202°-5,  and  having  a  specific  gravity  at  0°  of  11441.*  The 
vapour  density  is  919. 

140  Carbonates  of  Methyl.  The  normal  ether  (CIl3)jC03  has 
not  yet  been  prepared.  If  a  solution  of  anhydrous  baryta  in 
methyl  alcohol  be  treated  with  carbon  dio&ide  a  precipitate  of 
pearly  plates  separates  out.  This  consists  of  barium  methyl 
carbonate,  Ba(CHj)j(OOg)j,  easily  soluble  in  cold  water.  This 
solutioji  gradually  decomposes  iu  the  cold  and  more  quickly  on 
heating,  with  formation  of  barium  carbonate,  methyl  alcohol, 
and  carbon  dioxide  (Dumas  and  F^Ugot),' 

1  Crafts,  Butt.  Soc.  Chtm.  liv.  69. 

■  Ann.  Chim.  Phyl.  (8],  »tU.  59. 

»  H.  Schiir,  Arm.  Chem.  Fhorm.  Snppl.  Bd.  v.  154. 

*  Bull.  Sac.  Chim.  [2],  uL  B5S.      . 
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By  acting  on  methyl  alcohcd  with  carhonyl  chloride,  methyl 
chlorocarbonate  is  formed : 

C0|g[  +  HO.CH,  =  C0|^w   +  HCl. 

This  is  an  irritatiDg-smelling  liquid  which  is  insoluble  in  water, 
but  gradually  decompnaes  in  contact  with  this  into  carbon 
dioxide,  hydrochloric  acid,  and  methyl  alcohoL 

Methyl  Cariamate,  or  Methyl  Urethane,  CO  ■!  ^pa .  This  was 
first  obtained  by  Dumaa  and  Fdligot  by  dissolving  the  fore- 
going compound  in  aqueous  ammonia.  It  is  likewise  formed 
by  passing  the  vapour  of  cyanic  acid  into  methyl  alcohol.'  In 
order  to  explain  this  reaction  we  mast  assume  that  the  unstable 
cyanic  acid  decomposes  into  an  isomeric  carbimido  and  this  acts 
as  follows  OQ  the  alcohol : 

CO   .   HO.CH.  =n/?0-OCH, 


NJ'^^  +  HO.CH.  =  n|^^ 


Methyl  carbamate  is  also  obtained  by  acting  on  methyl  alcohol 
with  cyanogen  chloride.*     It  easily  crystallizes  in  large   deli- 
quescent tables  which  melt  at  S5°,  and  the  liquid  boila  at  177°. 
(  CO  NH 
Methyl  AUopkanate,  NH  -J  pn  OOH  •  "  *'^  formed  together 

with  urethane  by  the  action  of  cyanic  acid  on  wood-spirit.  This 
compound  stands  in  the  same  relation  to  biuret  as  urethane  does 
to  urea.  It  is  difficultly  soluble  in  water  and  crystallizes  in 
needles. 

Methyl  Tkuxarbonate,  (CH,)jCSg,  is  a  yellowish  disagreeably- 
smelling  liquid  boiling  at  about  250*  and  is  obtained  by  distilling 
concentrated  solutions  of  calcium  methyl  sulphite  and  potassium 
tfaiocarbonate  (Cabours), 


SULPHUR  COMPOUNDS  OF  METHYL. 

141  Methyl  ffydrosulpMde  or  Methyl  Mercaptan,  CHs.SH,  was 
discovered  by  Dumas  and  Pdligot,  who  obtained  it  by  beating 
potassium  hydrosulphide  with  methyl  sulphate.  It  was  after- 
wards more  thoroughly  examined  by  Gregory,'  who  prepared  it 

'  Liebig  anJ  Wiihler,  jinn.  Chem.  PKarm.  liv.  STO  ;  Gerhudt  «nd  IiKUrsnt, 
Compl.  iZtid.  ixiii.  4fi7  ;  Liebig,  Ann.  Chem.  Pharm.  Iviii.  £60. 
■  EcheTanU,  Ibid.  Ixxix.  110.  *  Aiat.  Fharm.  zr.  239. 
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by  diatilliDg  concentrated  solutions  of  potassium  hydrosalpbide 
and  potasaitim  methyl  sulphate.  It  is  a  colourless  unpleasantly- 
smelling  liquid,  boiling  at  21°  and  quickly  uniting  with  mer- 
curic oxide  to  form  mercury  methyl  mercaptide,  (CH3S)2Kg, 
a  compound  which  crystallizes  from  hot  alcohol  in  glistening 
white  plates. 

Methyl  Sulphide,  (CH^jS.  In  order  to  prepare  this  substance, 
Renault '  recommends  a  solution  of  caustic  potash  in  methyl 
alcohol  to  be  divided  into  two  nearly  equal  parts.  The  smaller 
of  these  is  saturated  with  sulphuretted  hydrogen  tuid  then 
mixed  with  the  other  part,  so  that  potassium  monoaulphide 
is  framed  together  with  a  little  free  potash  but  no  potassium 
hydrosulphide.  This  solution  is  then  saturated  with  gaseous 
methyl  chloride,  the  solution  gently  warmed  whilst  the  gas  is 
being  passed  in,  and  the  volatile  product  coUected  in  a  reservoir 
surrounded  with  ice.  The  distillate,  which  cousists  of  a  mixture 
of  methyl  sulphide  and  methyl  alcohol,  is  next  washed  with 
water  which  dissolves  the  alcohol,  the  sulphide  remaining  in- 
soluble. This  latter  is  again  repeatedly  washed  with  water, 
and  at  last  dried  over  calcium  chloride. 

Methyl  sulphide  is  a  colourless  mobile  liquid  possessing  an 
extremely  unpleasant  odour.  It  boils  at  4>1°,  and  has  a  specific 
gravity  of  0"846  at  21°.  When  allowed  to  drop  into  diy  chlorine 
gas  it  takes  fire  and  bums  with  a  red  flame  with  separation  of 
carbon.  Substitution-jHt>ducts  are  however  formed  by  a  more 
gradual  action  of  chlorine,  the  last  of  which,  perchlormethyl 
sulphide,  (CClj)2S,  is  a  red  liquid  which  decomposes  on  heatii^.' 
Methyl  sulphide  combines  with  mercuric  chloride,  mercuric 
iodide,  platinic  chloride,  and  other  haloid  salts,  and  these 
compounds  can  be  obtained  beautifully  crystallized  from  hot 
alcohol' 

14a  Limethyl-Sidphine  Compmnda.  Methyl  sulphide  combines 
directly  with  bromine  to  form  the  dibromide,  (CHj)jSBrj,  a 
compound  which  crystallizes  from  water  in  amber-yellow  octo- 
hedrons.  If  methyl  sulphide  be  dropped  into  well-cooled  fuming 
nitric  acid,  and  the  solution  allowed  to  evaporate,  colourless 
deliquescent  needles  of  the  nitrate,  (CH,)2S(0H)X0„  are 
obtained.  If  these  are  decomposed  by  barium  carbonate,  or  if 
the  bromide  be  decomposed  by  freshly  precipitated  oxide  of 

'  Anii.  Chin.  Phyi.  [21,  liii.  891, 

>  Richo,  Atoi.  Chim.  Fhy.  [S],  zlilL  SK. 

*  Lob,  Jhid.  zxxix.  418 ;  liv.  12. 
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silver,  dimethyl-sulphine  oxide,  (CH,)jSO,  ia  formed.  This  ia 
soluble  in  vater  and  alcohol,  and  on  evaporation  and  cooling 
solidifies  to  a  colourless  and  iiuxlorous  mass.  If  the  nitrate  be 
heat«d  to  100°,  dimetbyl-aulphone  (CH,)^Oj,  is  formed.  This  is 
soluble  in  water  and  nitric  acid,  and  ctystallizes  from  the  latter 
solution  in  prisms  which  melt  at  109°  although  at  100°  they 
begin  to  volatilize.     The  liquid  boils  at  238°.' 

143  Trimeikylndphint  Compounds.*  Methyl  sulphide  combiDea 
readily  with  methyl  iodide  to  form  (CH^jSI,  a  compound  crys- 
tallizing from  aqueous  solution  in  large  colourless  prisms,  and 
from  alcohol  in  rhombic  tables  which  soon  become  brown  on 
espoBure  to  air.  It  is  also  formed  when  the  sulphide  or 
the  mercaptan  is  heated  to  100°  with  bydriodic  acid : 

(1)  2(CH,}jS  +  HI  -  (CH^jSI  +  CHjSH. 

(2)  SCHySH  +  HI  -  (CH,),SI  +  2HjS. 

It  is  likewise  obtained  by  the  action  of  methyl  iodide  on 
methyl  thiocyanate. 

The  iodide  ia  decomposed  by  moist  silver  oside  with  forma- 
tion of  trimethylaulphine  hydroxide,  {CH,)jSOH.  The  solution 
of  this  compound  is  strongly  alkaline,  and  on  evaporation  yields 
the  base  as  ao  oil  having  the  smell  of  an  isonitrlL*  On  neu- 
tralization with  acids  a  series  of  trimethylsulphine  salts  are 
obtained,  some  of  which  may  be  prepared  by  the  action  of  silver 
salts  on  the  iodide  (Letts).  The  chloride  crystallizes  in  de- 
liquescent prisms,  and  combines  with  platinic  chloride  to  form 
the  double  Ealt,  2(CH,)jSCl  +  PtCl^,  crystallizing  from  boiling 
water  in  yellowish- red  combinations  of  the  cube  and  octohedron. 
The  free  base  rapidly  absorbs  carbon  dioxide,  giving  rise  to  a 
crystalline  carbonate.  Its  solution  readily  absorbs  sulphuretted 
hydrogen  with  formation  of  the  hydrosulphide,  S(CHj),SH, 
which  exhibits  ail  the  reactions  of  the  hydrosulphides  of  the 
metala.  If  the  hydroxide  be  added  to  this  solution,  trimethyl- 
sulphine sulphide,  (^(CHj),S],S,  is  produced.  This  solution 
decomposes  on  concentration  with  formation  of  three  molecules 
of  methyl  sulphide.  The  aqueous  solution  of  the  sulphide 
yields  the  characteristic  reactions  of  the  sulphides  of  the  alkali 
metals.     Thus  it   dissolves  antimony   trisulphide,  ia  coloured 

:.  13;  Delm, 
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deep  violet  by  sodium  nitropnuaide,  and  is  decomposed  by  acids 
with  evolution  of  sulphuretted  hydrogen.' 

Methyl  BisiJphide,  (CHj.)jS„  is  obtained  by  acting  on  methyl 
chloride  with  nlcoholic  solution  of  potassium  diniilphide.  It  is 
a  yellowish  unpleaBantly-smelling  liquid  boiling  at  112°.  It  is 
likewi!!e  obtained  by  employing  a  higher  sulphide  of  potassium, 
-when  the  trisulphide  of  methyl  is  formed  at  the  same  time. 
Thb  body  closely  resembles  the  disulphide,  but  boils  at  200°. 

144  Methyl  Sulphonic  Add,  CH^SOgH.  This  acid  was  dis- 
covered by  Kolbe  *  in  1845,  and  originally  termed  methyl  hypo- 
aulphuric  acid.  Berzcliiia  and  Marcet  bad  found  in  1813  that 
carbon  disulphide  on  treatment  with  moist  chlorine  yielded  the 
compound  CCl^SO,,  to  which  substance  they  gave  the  name  of 
sidphite  of  chloride  of  carbon.  This  is  also  readily  obtained 
by  treating  carbon  dio^iide  with  hydrochloric  acid  and  manganese 
dioxide,  and  is,  as  Kolbe  showed,  trichlormethyl  sulphonic 
chloride,  CCl^SOjCl.  If  this  is  heated  with  baryta  water,  barium 
trichlormethyl  8ulphonate,(CCl,.S0,)jBa, is  produced  and  the  free 
acid  can  easily  be  obtuned  from  this  as  a  \vhite  deliquescent  mass. 
It  is  easily  reduced  by  nascent  hydrogen,  one  atom  of  chlorine 
after  the  other  being  replaced  by  hydrogen,  and  thus  methyl 
sulphonic  acid  is  formed.  The  same  substance  is  produced 
when  methyl  mercaptan,  methyl  disulphide,  or  methyl  thiocya- 
Qate  is  heated  with  nitric  acid.  On  evaporation  on  the  water- 
bath  the  acid  remains  as  a  thick  syrup  which  still  may  contain 
some  &ee  sulphuric  acid.  In  order  to  obtain  the  pure  acid,  the 
barium  salt  is  decomposed  with  sulphuric  acid,  or  the  lead  salt 
with  sulphuretted  hydrogen.  This  substance  has  not  been 
obtained  in  the  crystalline  state,  but  only  as  a  strongly  acid 
thick  colourless  inodorous  liqdid,  which  when  heated  above  130' 
becomes  brown  and  begins  to  decompose.  It  may  be  boiled  with 
ordinary  nitric  acid  without  undergoing  change,  and  chlorine 
even  in  the  sunlight  does  not  act  upon  it.  Its  salts  are  all 
soluble  in  water  and  almost  all  crystalline. 

Potaaaium  Methyl  SiUphmuite,  CHj.SO,K,  is  not  only  formed 
by  neutralizing  the  acid  with  potash,  but  also  by  heating  methyl 
iodide  with  an  aqueous  solution  of  normal  potassium  sulphite. 
It  is  easily  soluble  in  water,  and  crystallizes  from  hot  alcohol  in 
finely  interlaced  threads.  The  double  compound,  CH,.SO,K  + 
CHySOgH,   separates  in  deliquescent  jKisms  when  a  mixed 
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Bolutioa  of  the  sulphonftte  and  of  the  free  acid  is  placed  in  a 
vacuum  over   sulphuiic  acid. 

Sarium  Methyl  SviphonaU,  (CH,.SO,),Ba  +  H,0,  forms 
fine  transparent  rhombic  tables  which  ore  unalterable  in 
the  air. 

Lead  Methyl  SulphoTuUe,  CCH^SO^tPb+HjO,  cryatallizea  in 
Urge  prisms,  also  unalterable  in  the  air. 

Silver  Methyl  Sulpkonate,  CH,.SO,Ag,  forms  fine  transparent 
tablets  which  have  a  sveet  mehJIic  taste,  and  remain  unaltered 
on  long  exposure  to  the  air. 

Methyl  Suljphoaie  Chionde,  CH,.S0,C1,  was  obtained  by 
Cacius^  by  acting  on  the  acid  with  phosphorus  pentachloride : 

It  is  a  powerfully-smelling  liquid  boilii^  at  160*  to  1$3°.  It  ia 
slowly  decomposed  by  water  into  hydrocUoric  acid  and  methyl 
sulphonie  acid.  On  heating  with  phosphorus  peataohloride  to 
150°-16l)°,  the  following  reaction  occurs : 


I  gP»  +  POl,  =  S0,C1  +  CH,C1  +  pool. 


SO  J 


SELENIUM  COMPOUNDS  OP  METHVL. 

145  i^tthyl  SeUtade,  {CH^)^t>.  By  distilling  a  solution  of 
potassium  methyl  sulphate  with  potassium  selenide,  Wohler  and 
Dean  obtained  a  reddish-yellow  highly  offensive  liquid  which, 
until  recently,  was  held  to  be  the  above  compound.  It  is, 
however,  most  probably  the  diselenide.  Hethyl  monoselenide 
is  obtained  by  heating  potassium  methyl  sulphate  with  caustic 
potash  and  phosphorus  pentaselenide : 

PjSe,  +  10K(CH^SO,  +  16NaOH  = 
5  (CH^^  +  6  K^O^  +  5  Na^O^  +  2  Na,PO.  +  8  H,0. 

It  is  a  colourless  strongly  refracting  liquid,  heavier  than  water, 
possessing  a  most  unpleasant  smell,  and  boiling  at  58'-2.  It 
decomposes  in  contact  with  water  in  the  cold,  and  more  quickly 
on  boiling,  with  separation  of  selenium. 
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Me&s/btdmi-iUtTate,  (CH,),Se(NOg)OH,  is  formed  by  dinolr- 
ing  the  Relenide  Id  stroDg  cold  nitric  add.  It  crystiUliaea  out 
Srom  trster  in  long  prisms,  mehing  at  dO°'S,  and  vcJatilizmg 
belov  100°. 

Mtthj/Ueleni'didiloride,  (CH,)^CIj,  is  preci{Htated  by  bydro- 
cblorio  acid  from  a  conceatrated  solution  of  tbe  nitrate.  It 
crystallizes  from  alcoholic  solutioa  in  mother-of-pearl  scales, 
which  have  an  unpleasaat  smell,  and  melt  at  59°'5. 

Hie  corresponding  bromide  and  iodide  ard  known,  and  also 
mOhylaeUni-pUUinic  chloride,  2(CHj)^+PtG]^  obtained  by  the 
direct  combination  of  its  constituents,  and  crystalli^ng  in  yellow 
feathery  needles  from  alcohol.^ 

Methyl  Seletumio  Acid,  CH^ SeOjH,  is  obtained  by  oxidizing 
the  dieelenide  witb  nitric  acid.  It  ci^stallizes  in  prisms  which 
melt  at  122°,  having  an  unpleasant  smell  and  a  metallic  taste. 
It  forms  a  series  of  crystatline  salts.*    ' 


TELLURIUM  COMPOUNDS  OF  METHYL. 

146  Methyl  Teiluiide,  {C^g)^e,  was  obtained  by  "Wohler  and 
Dean'  on  distilling  potassium,  tellurido  with  a  concentrated 
solution  of  potassium  methyl  suljOiate.  It  is  a  light-yellow  mobile 
liquid  which  boils  between  80°  and  82°,  yielding  a  yellow  vapour, 
and  has  a  very  unpleasant  garlic-like  odour,  which  is  so  per- 
sistent, that  when  working  with  the  substance  the  breath 
becomes  persistently  tainted  with  the  smelL 

Mahyl  Tellurium  Oinde,  (CHJ,TeO.  Methyl  telluride  dis- 
solves in  strong  cold  nitric  add  with  the  formation  of  the 
nitiute,  (CHg}2Te(If  O^OH,  which  crystallizes  in  large  cdourless 
prisms.  Hydrochloric  add  throws  down  the  chloride,  (OH,)jTeClf, 
from  this  solution,  in  the  form  of  a  thick  white  precipitate, 
which  crystallizes  from  solution  in  hot  water  in  long  thin 
prisma.  When  heated  with  Water  and  freshly  precipitated 
silver  oxide,  a  solution  of  the  oxide,  or  more  probably  of 
the  hydroxide,  (CHg),Te(OH),,  is  obtained.  A  distinctly  crys- 
talline mass  is  produced  on  evaporation  which  deliquesces  on 
exposure  to  air,  and  absorbs  carbon  dioxide:      It  posaesaea  a 

'  C.  Loring  JackaoD,  Jjidn^a  ^nnafnt,  dzzil.  I. 

*  Wohler  uid  Dean,  A»n.  Chtm.  Ftutr*.  xcviL  S. 

*  iUdL  xoUi.  23S. 
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most  UDpleosant  taste,  but  is  odourless.  Its  BolutioB  tarns  red 
litmus-paper  blue,  and  it  liberates  ammonia  from  sal-ammoniac 
at  the  ordinary  temperature,  and  gives  a  blue  precipitate  with  a 
solution  of  copper  sulphate. 

Sulphur    dioxide    precipitates   methyl    telluride     from     its 
Eolutions : 

(CH^jTeO  +  S0,+ H,0 = (CH^jTe + H^SO^. 

The  oxide  forms,  with  acids,  salte  which  have  been  examined  by 
WBhlerjind  Dean,  and  also  by  Heeren.'  They  are,  as  a  rule 
soluble  in  water,  and  crystallize  well. 


NITROGEN  BASES  OF  METHYL. 
Methtlauihe,  N(CHJH,. 
147  Methylamine  was  discovered  by  Wurtz,*  in  1849,  who 
obtained  it  by  the  action  of  caustic  potash  on  methyl  isocyanate, 
or  isocyanurate  (see  p.  225).  Hofmann*  then  prepared  it  by 
heating  methyl  iodide  with  ammonia,  and  Carey  Lea,*  as  well 
as  Juncadella,^  showed  that  it  is  also  easily  obtained  when 
methyl  nitrate  is  used  instead  of  the  iodide.  This  base  is  also 
formed  by  various  other  reactions,  of  which  the  following  are 
the  most  important. 

Alendius*  found  that  methylamine  is  produced  when  hydro- 
cyanic acid  is  acted  upon  with  dilute  sulphuric  acid  and  zinc ;  and 
Debus  ^  showed  that  it  is  likewise  produced  when  a  mixture  of 
hydrogen  with  the  vapour  of  hydrocyanic  acid  is  passed  over 
platinum  black  heated  to  110°j  again  Berthelot^  obtained  it 
by  heating  methyl  alcohol  with  ammonium  iodide  to  100°,  or 
with  sal-ammoniac  to  300°.  According  to  Dusart  and  Bardy,' 
only  a  small  quantity  of  the  base  is  formed  when  sal-ammoniac 
alone  is  used,  but  if  hydrochloric  acid  be  added,  and  the  mix- 
ture heated  for  thirty  hours  to  a  temperature  of  205°-208°,  a 
better  yield  is  obtained.  On  the  othfir  hand,  Weith"  found 
that  when  an  excess  of  methyl  alcohol  is  employed,  the  sal- 
ammoniac  can  be  completely  methylated.  On  heating  two 
grams   of    this    salt  with   12    cbc   of    pure  methyl    alcohol 

'  Ckim.  CentToIb.  1881,  818.  *  Ann.  dim.  Phyi.  [S],  iix.  44S. 

»  Phil.  Tratu.  1B51,  p.  881.  *  Chepi.  Nitn,  Ti.  *S, 

'  CumpL  Rend.  zlvitL  343.  *  Am.  Ckem.  Fharm.  rxxL  139. 

•  ™         ^       ■■  --'   "■"  «  ^a^  Chim.  Fhyt.  [3\  ixxviii.  69. 

*  Ber.  DtHtMk.  Cken.  Get.  viii.  468. 
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to  280°-285*  for  ten  hours,  methyl  ether,  hydrochloride  of 
trimethylamiQe.  and  tetramethyUnuaomam  chloride  were 
formed.  Oa  heating  three  grams  of  aal-ammoniac  with  12 
cbc.  of  methyl  alcohol  for  six  hours  to  the  same  tem- 
perature, hydrochloride  of  methylamine  was  ohtained  in 
addition  to  the  above  compounds. 

Methylamine  occuni  in  nature  in  Menmrialia  annva  and 
Af.  perennii,^  being  formerly  knomi  in  the  impure  state  as 
mercurialiae.  It  is  also  fonnd  in  herring  brioe,  and  occnrs 
frequently  as  a  product  of  the  decomposition  of  the  alkaloids, 
and  similar  comjKiunda.  It  has  likewise  been  observed  by 
Anderson  in  the  products  of  distillation  of  animal  matter,  and 
also  of  that  of  wood  (Camille  Vincent),  and  it  is  now  obtained 
on  the  large  stale  in  Vincent's  process.  It  has  already  been 
stated  (p.  202)  that  hydrochloride  of  trimethylamine  decom- 
poses, at  a  temperature  of  about  285*,  into  methyl  chloride 
and  trimethylamine  which  volatilize,  and  hydrochloride  of 
methylamine,  which  remains  behind.  This  is  always  mixed 
with  some  sal-ammoniac,  from  which  it  may,  however,  be 
sepuated  by  solution  in  absolute  alcohol ;  the  spirit  is  then 
distilled  off,  and  the  residual  salt  decomposed  with  caustic 
soda. 

Methylamine  is  a  colonrless  gas  condensing  at  a  few  degrees 
above  0°,  to  a  mobile  liquid  which  does  not  solidify  on  exposure 
to  the  temperature  obtained  by  a  mixture  of  ether  and  solid 
carbon  dioxide.  It  has  a  strong  ammoniacal,  but  also  a  slight 
fish-like  smell,  and  is  more  soluble  in  'water  than  is  ammonia, 
which  it  resembles  very  closely.  At  12'-6  one  volume  of  water 
dissolves  1,150,  and  at  25°,  95d  volumes  of  the  gas.  It  is  easily 
combustible,  and  may  in  this  way  readily  be  distinguished  &om 
ammonia.  It  bums  with  a  bright  yellow  flame,  forming  water, 
carbon  dioxide,  and  nitrogen.  If  an  insufficient  supply  of  air  be 
present,  small  quantities  of  cyanogen  and  hydrocyanic  acid  are 
also  formed.  This  latter  compound  is  produced,  together  with 
ammonium  cyanide,  when  the  gas  is  led  through  a  red-bot  tube 
filled  with  pieces  of  porcelain.  When  it  is  heated  with  potas- 
sium, potassinm  cyanide  is  formed,  with  evolution  of  free 
hydrogen. 

Like   ammonia,   the    aqueous    solution    precipitates   many 

metallic  salts,  and  these  precipitates  partially  dissolve  in  an 

excess  of  the  reagent.     Silver  chloride  also  dissolves  in  excess 

>  'Sdunidt,  LiOig't  Arm.  raKiii.  73. 
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of  raetbylunioe. .  On  thg  other  hand,  the  hjdroxideB  of  cadmium, 
nickel,  and  cobalt .  do  not  do  so,  and  these  reaotiona  serve  as 
another  means  of  distmgni^ng  it  from  ammonia,  and  in  addi- 
tion we  have  the  hct  that  aluminium  hydroxide  diBsolves  in 
methylamine  but  ia  insoluble  in  ammonia. 

Bydrochioride  of  MeihylamvM  or  Meihyl-€vm.jwmivm  Ghioride, 
N(CH^H,C1,  ciTBtalliEee  from  alcohol  in  lai^ge  iridescent  tablets 
wbiob  deliqoesce  on  eiponire  to  moist  air.  It  forms  with  gold 
ebloride  the  doable  salt  N(CH^HiCl+AuCI,+H,0,  which 
OTStalliBes  in  sfJei^d  laige  golden  yellow  needles,  whilst  the 
platinum  ealt,  [N(CHg)  H,Cl],FtClf,  forma  golden  yellow  scales  or 
laige  heza^nal  tables,  soluble  in  vater  but  insoluble  in  alcohol. 

SvlphaU  of  MeUi^mitu  or  2£etkyl-ammonium  Suiphaie, 
[N(CH,)E[g1,S0^,  ia  easily  soluble  in  water  but  insoluble  in 
alcohol  It  crj'BtAUizes  in  deliqoescent  stellar  ncedlea  It 
forms  an  alum  with  aluminium  sulphate,  [N(CH3)HJjS0^4- 
Al,(SOJ,-f-24HiO,  which  crystallizes  in  L^e  ragalar  octo- 
hedroDS. 

2!itraie  of  Metkylamiru  or  Mttkyl-ammonium  Nitraie,  N(CBr,) 
HgNOy  forms  orthorhombic  prisms  which  are  deliquescent  and 
easily  soluble  in  alcohol. 

Carbonate  of  Methylamine  or  Methyl-ammonium  CarboHaie, 
[N(CH^H,]gCO^  is  produced  on  distillation  of  a  misture  of 
calcium  carbonate  and  hydrochloride  of  methylamine.  It  has, 
however,  not  yet  been  obtained  in  the  pure  state.  It  forms 
hard  prisms  which  are  very  deliquescent,  has  a  strongly  alkaline 
reaction,  and  undergoes  volatilization  at  the  ordinary  tem- 
perature of  the  air.  At  tho  same  time,  methyUmmonium- 
methyloarbamate  is  formed.  This  also  ia  produced  by  the 
direct  union  of  methyliuniae  and  carbon  dioxida 

With  platinoufl  chloride,  methylamine  forms  several  com- 
pounds oorrespondinj^  to  certain  of  the  platinammonias 
■  (Wartz). 

DlMEIHTLAMINE,  N(CHj)jH. 

148  This  was  discovered  by  Ho&naon,  who  obtained  it  by 
heating  methyl  iodide  with  an  alcoholic  solution  of  am- 
monia, when  the  hydiiodides  of  ammonia,  methylamine, 
dimethylamine,  and  trimethylamine,  as  well  as  tetra- 
methylammoniian  iodide  are  formed.  The  last  salt  is, 
however,  soluble  in  alcohol,  and  it,  therefore,  can  be  readily 
separated   from  the    other   four.     These  are  then  distilled 
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witli  caustic  potaah,  and  the  vsponn  led  into  a  well-cooled  tube, 
vben  trimethylamine,  dimetbylaroine,  aod  a  portion  of  the 
meth;lainine  are  condensed,  the  remainder  of  the  last-named 
aubBtance  passing  forward  with  the  ammonia,  and  being  afterwards 
absorbed  in  hydrochloric  acid.  The  mixture  of  the  three  bases 
is  then  treated  with  eth^  oxalate,  CjO^(C,H^j,  which  does 
not  act  upon  the  trimetbylamine,  whilst  the  methylamine  is 
converted  into  dimotbjloxamlde,  C,0,(NH.CHg)^  and  the 
dimethylamine  into  the  ethyl  ether  of  methyl  oxamic  acid. 
This  latter  can  be  separated  by  cold  water  from  the  difficultly 
soluble  diethyl  oxamidc  ;  on  distillation  with  caustic  potash 
it  is  convtrtad  into  potassiam  toalate,  alcohol,  and  dimethyl- 
amine : 

°A  {  S('<5h'.).+  «  KOH=C,0.  (  °|  +  HO.C.H.  +  N  {  g^O. 

The  alcoholic  solution  is  neutralized  with  hydrochloric  acid, 
evaporated  down,  and  tbo  residue,  on  distillation  with  potash, 
yields  dimethylamine. 

This  base  is  also  formed  on  distillation  of  the  so-called 
sulphite  of  aldehyde-ammonia  with  lime.  This  product,  how- 
ever, was  at  one  time  supposed  by  Hofmann  to  be  its  iaomeride, 
ethylamine.* 

Dimethylamine  also  occurs  in  Peruvian  guano '  as  well  as  in 
the  products  of  distillation  of  wood  (Camille  Vincent).  It 
is  an  ammoniacal-smelling,  readily  inflammable  liquid  boiling 
at  between  8°  and  9% 

Hydrochloride  of  Dimtthylamine  or  Dimethyl-ammonium  Chlo- 
ride, N(CH^jHjCl,  is  a  white  deliquescent  mass  crystallizing 
in  scales,  and  forming  with  gold  chloride,  and  platinum  chloride, 
ciystallizable  compounds. 

TsmzrHTi^uiiTE,  N(CH,)y 
149  This  oconrs  somewhat  widely  distributed  in  nature.  Thus, 
for  instance,  it  is  found  in  various  plants,  as  the  Ckenopodium 
wlvaria,  Armoct  vumtana,  Mereunaiia  annua,  the  bloom  of  the 
hawthorn,  that  of  the  wild  cherry,  auA  of  the  pear,  as  well  as 
in  ergot,  and  other  fungi  parasitic  on  cereals.  It  alno  occurs 
in  various  animal  liquids,  and  especially  in  herring-brine.  It 
is  likewise    found   as  a  product  of   decomposition  of  various 
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alkaloids,  and  amoDgst  the  products  of  the  dry  distillation  of 
nitrogenous  organic  matter  and  of  wood. 

Before  HofmanD'a  investigation  on  the  (uninca  itwaa  believed 
that  the  base  occurring  in  nature  was  the  isomeride,  propylamine. 
He  prepared  it  first  according  to  the  method  described,  and 
afterwards  he  and  Winkles '  obtained  it  in  larger  quantity  by 
distilling  herring-brine,  in  which  Wertheini  *  had  first  found  it, 
tc^ther  with  lime. 

It  has  lately  been  prepared  in  large  quanties  by  Vincent  in 
the  distillation  of  the  "  vinasses "  of  the  French  beet-root 
sugar  refineries,  A  solution  of  the  sulphates  of  ammonia  and 
trimethylaminfl  u  thus  obtained  irom  which  the  first  salt  can 
be  partially  separated  by  crystallization.  The  darkly-coloured 
motber-Uquor  is  then  distilled  with  lime,  and  the  product  passed 
into  hydrochloric  acid.  This  solution  is  then  boiled  down  until  tbe 
temperature  reaches  140°.  The  sal-ammoniac  present  ciystallizes 
out  on  cooling,  and  tbe  mother-liquor  ia  drawn  off  from  this,  and 
further  evaporated  until  tbe  boiling-point  rises  to  200°;  the 
residue  thus  obtained  consists  of  commercial  hydrochloride 
of  trimethylamine,  fi^m  which  the  free  base  can  be  readily 
prepared  by  treatment  with  au  alkali. 

Trimetbylamine  is  a  mobile  liquid  boiling  at  from  9°  to  10" 
and  having  a  specific  gravity  of  0'673  at  0°  (Blennard).  It 
baa  a  powerful  and  penetrating  characteristic  fish-like  smell. 
It  is  very  soluble  in  water  and  the  concentrated  aqueous  solu- 
tion, as  well  as  tbe  pure  base,  ia  easily  combustible.  Devillier 
and  Buisine*  found  from  5  to  10  per  cent  of  this  base  in  the 
commercial  trimethylamioe,  together  with  60  per  cent,  of 
dimetbylamioe,  whilst  the  remaining,  and  about  equal  part, 
consisted  of  ethylamine,  propylamine  and  iso-butylamine. 
According  to  Vincent*  this  depends  upon  the  fact  that  the 
"vinasses"  of  different  preparations  do  not  always  yield  the 
same  products,  and  that  their  relative  amount  depends  upon  tbe 
circumstances  under  which  tbe  distillation  is  conducted. 

Ttimethylamine  is  now  used  for  the  purpose  of  preparing 
pure  potassium  carbonate  from  potassium  chloride,  the  procefs 
adopted  being  exactly  similar  to  that  described  in  Vul.  II. 
Fart  I.  p.  152  aa  tbe  ammonia-soda  procesa.  The  reason  that 
ammonia  cannot  be  employed  in  the  preparation  of  potassium 
carbonate   is    that    sal-ammoniao    and   hydrogen    potassium 
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carboDatd  are  about  equally  soluble  ia  water,  whilst  the  hydro- 
chloride of  trimetbybunine  is  a  much  more  soluble  salt  In 
addition  to  this,  it  has  been  employed  in  medicine,  and  is  said 
to  have  been  of  value  in  cases  of  acute  rheumatism  and  gout. 

SydTotMorvle  of  Trimethylamine  or  Tnmeikylammonium 
HydToehloride,  N(CH^jHCl,  forms  deliquescent  crystal,  and 
serves,  as  has  been  mentioned,  for  the  preparation  of  methyl 
chloride.  It  unites  with  platinum  chloride  to  form  the  com- 
pound 2N(CH,)jHCl  +  P1CI4,  crystaUiziDg  in  orange-coloured 
octohedrons.  The  sulphate  forms,  with  aluminium  sulphate, 
the  alum  [N(CH,)gH]^0,  +  A1,(S0,),  +  24H,0,  cr^BtaUizing 
in  transparent  octohedrons,  possessing  an  astringent  taste,  and 
smelling  of  herring-brine.  Trimethylamina  combines  with 
carbon  disulphide,  yieldiog,  with  conaiderablo  evolution  of 
heat,  the  compound  CSj,NiCH^  which  cxystallizes  in  rhom- 
bic needles  from  alcoholic  solution,  and  is  decomposed  by  both 
alkalis  and  strong  acids  into  its  constituents.  Dilute  acids,  on 
the  other  hand,  unite  with  it  to  form  salts.  When  it  is  brought 
in  contact  with  an  equal  number  of  molecules  of  hydrochloric 
acid,  the  neutral  compound,  CSyN(CHj)„HCl,  is  formed, 
which,  when  in  contact  with  more  acid,  yields  the  compound 
2CS„NCCHJ,.  3HCL 

Kitric  add  and  sulphuric  add  form  corresponding  com pounda' 

TrntAMETHTLAMHOSIl.ru  COUPODVDS. 

150  The  iodide,  N(CHj)^I,  as  has  been  mentioned,  is  the 
chief  product  of  the  action  of  ammonia  on  methyl  iodide,  and 
is  readil^r  formed  by  the  union  of  the  latter  cotopound  with  tri- 
methylamiue.  It  crystallizes  from  hot  water  in  shining  white 
needles,  which  possess  an  intensely  bitter  taste.  On  heating,  it 
decomposes  into  trimethylamina  and  methyl  chloride,  which, 
however,  reunite  on  cooling.  The  iodide  possesses  the  property 
of  yielding,  with  chlorine  and  iodine,  several  crystalline  poly- 
chlorides  and  polyiodides,  which  easily  undergo  decomposition. 
When  freshly  predpitated  silver  oxide  is  added  to  a  solution  of 
the  iodide,  the  hydroxide,  N(CH,)^OH,  is  formed.  This  yields 
on  evaporation  in  a  vacuum,  a  crystalline  mass,  which  rapidly 
absorbs  water  and  carbon  dioxide  from  the  air.  It  acts  as  a 
powerful  caustic,  is  strongly  alkaline,  and  generally  resembles 
the  fixed  caustic  alkalis  in  its  behaviour.  On  neutralization 
1  BleniuTd,  CompL  Baid.  Ixxxrii.  IMO, 


)vGooi^lc 


224  METHYL  COMPODXDa 

viith  acids,  8albs.are  Kgain  obtained,  which,  like  ths  iodide,  aro 
not  decomposed  hy  caustic  potash.  When  the  hydroxide  is 
heated  it  deoomposes  into  trimethylamine  and  methyl  alcohol. 

Methnl-Qmniidine,  Qn^,{GR^.  When  hydrochloride  of 
metbylamiDe  is  heated  with  cysnamide,  methyl  -  guanidine 
hydrochlorids  is  ohtuned,  Just  as,  under  similar  circumstances, 
Bftl-ammoniao  yields  hydrochloride  of  guanidino  (ToL  I. 
p.  680) '  t 

N(CH0H,C1 
NH.  I 

+     N(CH^H,CH        =        C=NH 


C=N 


k 


This,  when  treated  with  silver  oxide,  yields  the  free  base, 
C(NH)N{CH,)H(NH,),  a  deliquescent,  crystalline,  strongly  al- 
kaline and  caustic  mass,  which,  like  the  alkalis,  precipitates 
the  hydroxides  of  many  metals  from  their  salts,  those  of 
aluminium  and  iron  being  insoluble  in  excess, 

Methyl-guanidine  was  first  prepared  from  creatine,  or  methyl- 
guutidine  acetic  acid,  by  the  action  of  mercuric  oxide,  and 
was  first  called  methyl-uranine}  It  is  formed  when  methyl- 
cyanamide,  obtuned  by  the  action  of  cyanogen  chloride  on 
methyhunine,  and  which  acts  as  a  weak  base,*  is  heated  with 
sal-ammoniac.*  It  is  a  mtmacid  base,  which  yields  a  series  of 
easily-crystallizable  salts. 


CYANOGEN  COMPOUNDS  OP  METHYL. 

151  Mtthyl  Carhamine,  Cy.CHj.  In  order  to  prepare  this 
compound,  which  haa  also  been  termed  methyl  isocyanide,  one 
molecule  of  methyl  iodide  is  heated  with  two  molecules  of 
silver  cyanide  and  some  ether  in  a  closed  glass  tube  to  ISO"- 
14fO°,  until  the  crystalline  double  compound,  CNAg  +CN'.CHj, 
is  formed.  This  ia  then  dried  at  100',  and  distilled  with  potas- 
sium cyanide  and  some  water,  when  the  carbamine  is  set  free.' 
It  is  a  colourless  liquid,  which  has  a  specific  gravity  at  14° 
of  07557,  and  boils  between   58'  and  59°.     It  possesses   an 

'  Erlenmeyer,  Ber.  Dcuttch.  Chan,.  Gtt.  iiL  8M. 

*  Deuaignes,  CampUi  Rendtif,  xuTiii.  839. 

■  Cahmira  and  Clou,  C<napla  Rendut,  xzzTiii.  BS<. 

*  Tawildarow,  Bcr.  DaUxh.  Chan.  Gtt.  v.  477, 

*  Gauticr,  Campt.  Bend.  Izt.  48S,  SS3;  Levi  1211. 
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extremely  penetrating  unpleasant  imell,  and  its  vapour  when 
breatlisd  produces  giddiness,  eicknesB,  and  headache.  It  ex- 
hibits a  slightly  alkaline  reaction,  and  combines  with  anhydrous 
acids,  especially  with  the  hydracids,  to  form  crystallizable  salts; 
which  on  contact  with  water  are  at  once  decomposed  into 
methylamioe  and  formic  acid ; 

CN.CH,  +  2H,0  =H,N.CH,  +  011,0^ 

The  same  decomposition  takes  place  slowly  when  the  free 
carbamine  is  bnmght  in  contact  with  water,  but  more  quickly 
on  heating  or  on  addition' of  an  acid.  At  the  same  time  some 
acetic  acid  and  Mnmonia  are  also  &rm£d,  these  substances  being 
prodocts  of  the  deoompositioa  of  the  isomeric  acetonitril,  which 
will  be  described  later  on  under  Acetic  Acid. 

Methyl  carbamine.  also  combines  with  the  iodides  of  the 
alcohol  radicals. 

Methyl  Cyanate,  "SQOipB.^.  In  order  to  prepare  this  com- 
pound one  part  of  sodium  is  dissolved  in  twenty  parts  of  an- 
hydrous methyl  alcohol,  and  the  liquid  saturated  with  gaseous 
cyanogen  chloride.*  After  pouring  off  the  liquid  &om  the 
sodium  chloride,  which  separates  out,  the  excess  of  methyl 
alcohol  is  distilled  off,  impure  methyl  cyanate  remaioing  behind 
as  a  brown  oil,  which  sometimes  remains  liqind,  but  sometimes 
soon  solidifies.  Frequently,  however,  the  residual  substance 
remains  as  a  ciystalline  mass,  consisting  of  a  mixture  of  tri- 
methyl  cyaourate,  NjCj(0CHj)5,  and  dimethyl-amido-cyan- 
urate,  N,C!g(NHj)  (OCH,),.  These  bodies  can  easily  be  separated 
by  ether,  in  which  the  latter  compound  is  almost  insoluble. 

Trimethyl  cyanurate  crystallizes  from  hot  water  in  fine 
needles,  melting  at  132°.  It  distils  without  decompositiou 
between  160°  and  170°,  being  thus  converted  into  the  isomeric 
methyl  iaocyanurate.  If  the  original  compound  be  heated 
with  caustic  potash,  methyl  alcohol  and  potassium  cyanurate 
are  obtained,  whilst  methylomine  and  potassium  carbonate  are 
produced  on  distillation. 

Dimethyl  amidocyannrate  is  also  fonned  by  the  action  of 
ammonia  on  the  ether  of  cyanuric  acid.  It  crystallizes  from 
hot  water  in  fine  rhombic  tables,  which  melt  at  212'. 

Methyl  laocyanate  or  Methyl  Carhimide,  CO.NCH^  was  dis- 
covered by  Wlirtz,*  and  formerly  considered   to  be  the  true 
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ether  of  cyanic  acid.  It  is  obtained  by  distiUiDg  a  mixture  of 
freshly  -  prepared  potassium  cyanide  with  potassium  methyl 
sulphate,  and  it  is  a  mobile  liquid  which  has  an  ezceasively 
suffocating  odour,  its  vapour  vigorously  attacking  the  mucous 
membranes.  Aqueous  acids  and  alkalis  decomposes  it  with 
f-'rmation  of  caibon  dioxide  and  methylamine : 

When  dry,  ammonia  acts  upon  methyl  carbimide,  methyl  urta 
is  formed,  and  this  is  likewise  produced  when  the  vapour  of 
(^anic  acid  is  passed  over  methylamine,  or  whan  a  solution  of 
potassium  cyanate  is  evaporated  wiUi  sulphate  of  methylamine. 
The  formation  from  the  carbimide  occurs  as  follows : 

CO.N(CH,)  +  NH,  ^  COJJJg'^)^ 

Methyl  urea  forma  long  transparent  prisms  easily  soluble  in 
water,  and  combining  with  acids  to  form  crystallizable  salta 
(WOrtz.) 

When  methyl  carbimide  is  brought  in  contact  with  water, 
divtethyl-urea  is  formed : 

2  CO.N(Ciy  +  H,0  =  CO  I  N(CH^H  +  ^*^*- 

The  same  compound  is  produced  by  acting  on  cyanic  acid 
with  methylamine.  Dimethyl-urea  forms  crystals  which  melt 
at  100°,  and  it  boils  without  decomposition  at  270*.  It  b 
easily  soluble  in  water,  and  combines  with  acids  (Wiirtz). 

Trimethyl  Tricarbimide,  CgOj(NCH,)j,  is  a  polymeric  modi- 
ficatioQ  of  carbimide  formed  in  the  preparation  of  the  latter 
compound,  and  also  produced  when  this  substance  is  allowed 
to  stand.  It  is  likewise  obtained,  as  above  described,  from 
the  cyanurato,  as  well  as  when  potassium  cyanurate  is  distilled 
with  potassium  methyl  sulphate.  It  crystallizes  in  short  prisms, 
which  do  not  dissolve  in  cold  water,  are  slightly  soluble  in  hot 
water,  and  easily  soluble  in  alcohol.  They  melt  at  175°  and 
boU  at  271°. 

Methyl  Thiocyanate,  NC.  SCH,,  was  first  obtiuned  by  Cahours ' 
on  distilling  a  concentrated  solution  of  equal  parts  of  potas- 
sinm  thiocyaoate  and  caldum  methyl  sulphate.     It  is  a  coloui- 


'  .^m»,  Ckim.  Phgi.  [3],  XTiH.  281. 
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less  alliaceoas-smeHing  liquid.      At  0'  its  Bpecific  gravity  is 
I'OSS,  and  it  boils  at  133°. 

Metkyl  ThiocarMmide  or  Methyl  ifuttard  Oil,  CS.NCH,.  When 
methylamine  is  brought  in  contact  with  carbon  disulphide, 
methjl-thiocarbamic  acid,  CS(NH.CHg)SH,  is  produced,  ihe 
Bilver  salt  of  which,  when  heated  with  water,  decomposes  as 
follows : 

2  OS  {  ^|^J=  =  2N  {  gH.  +  Ag_s  +  H^ 

Methyl  thiocarbimide  is  a  white  crystalline  solid,  which  melts 
nt  34"  and  botla  at  1 19°,  and  smelh  strongly  of  horse-tadiah. 
It  combines  with  ammonia  to  form  crystalline  methyl  thio- 
carbamide,  CSCNCH,H)NH,  The  crystalline  hydriodide  is 
isomeric  with  methyl  tbiocarbamide  iodide,  CS(NH,),CH,T, 
obtained  by  the  union  of  carbamide  with  methyl  iodide.  It 
possesses  the  characters  of  a  sutphine  compound,  yielding 
with  silver  oxide  and  water  a  strongly  alk^ine  hydroxide, 
CS{NH^,CH,.OH,  which  yields  well  crystallizable  salts  with 
acidB.' 


NITRO-COMPOUNDS  OP  METHYL. 

15a  Nilro-Miihane,  CH^NO,,  is  formed  when  concentrated 
solutions  of  potassium  nitrate  and  potassium  chloracetate  are 
boiled  together : 

CHjCI.CO^  +  KNOj  +  HjO  =  CH,NO,  +  KCl  +  HKCO,. 

The  compound  thus  formed  was  termed  by  Eolbe  '  nitro-car- 
binol.  About  the  same  time  V.  Meyer  and  Stiiber'  obtained 
the  same  compound  by  acting  on  methyl  iodide  with  silver 
nitrite,  when  a  violent  action  occuni. 

Nitro-methane  is  a  heavy  liquid,  possessing  a  peculiar  smell, 
and  boiling  at  101°.  It  acts  as  a  weak  acid,  solidifying  with  an 
alcoholic  soda  solution  to  a  mass  of  fine  needles.  Laving  the 
composition  CH,NaNO,  +  C^HjO.  These,  when  dried  over 
sulphuric  acid,  fall  to  a  light  powder,  which  detonates  on 
heating,  and  undergoes  spontaneous  decomposition  when  kept 
Its  concentrated  aqueous  solution  is  still  more  unstable,  for 


n  and  Klinjter,  Btr.  DeubA.  Chfm.  Ga.  li.  <S2. 

•  Joum.  Frac.  Chtm.  [S],  y.  *27. 

*  B€T.  DtMtA.  ChtM.  Ott,  T.  El<;  LiM^tAmi.  clxxi.  81. 
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after  a  few  moments  it  suddenly  aufiius  decompoutiou  with 
evolution  of  heat 

The  freshly  prepared  eolulion  givea  oharacteristic  precipitatea 
with  many  metallic  salts.  Of  these,  the  yeUow  merouiy  com- 
pound is  the  most  singular,  as  it  is  extremely  explosive,  deto- 
'  nating  strongly  if  merely  touched,  when  in  the  dry  state,  with  a, 
glass  rod.  Two  milligrams  of  the  compound  when  heated  on  a 
platinum  cover  explode  with  a  noise  equal  to  that  of  the 
discharge  of  a  pistol. 

On  heating  nJtro-methane  with  fuming  Bulphuric  acid,  carbon 
dioxide  and  hydroxylamine  axe  formed.^ 

CHj  NOj  -  CO  +  NOH^ 

When  mtro>m«thane  is  dissolved  in  caustic  potash,  and  some 
potasfflum  nitrate  added  and  then  dilute  sulphuric  acid,  a  deep 
red  solution  is  obtained,  the  colour  of  which  disappears  on  addi« 
tion  of  more  sulphuric  acid,  and  is  reproduced  on  the  addition 
of  alkalis.  Tbia  reaction  depends  on  the  formation  of  methifi 
nitrolic  acid,  CH(NOj)NOH,  of  which  the  alkaline  salts  have  a 
deep  red  colour  (see  p.  171).  The  free  acid  forms  large  glisten- 
ing crjfstals,  soluble  in  water,  alcohol  and  ether.  It  is  an  ex- 
tremely unstable  body  decomposing  on  standing.  When  heated 
to  64°  it  melts  with  evolution  of  red  fumes,  whilst  formic  acid 
remans  behind.  This  Utter  compound  is  also  formed  on  boiling 
with  dilute  sulphuric  add,  when  nitrogen  monoxide  is  evolved.* 

CHjNjOj  -  CHjO,  +  N.O. 

If  nitro-methane  be  heated  witb  alcoholic  solution  of  caustic 
soda,  a  ciystalline  mass  of  sodium  metbazonate  is  formed,  which 
is  permanent  in  the  air  and  highly  eicplosira 

Metkasonie  acid,  CjH^NjO,,  obtained  from  this,  can  be  ob- 
tained from  solution  in  ether  or  benzol  in  large  crystals,  which, 
on  beating,  decompose  witb  explosive  violence,  and  at  the  ordi- 
nary temperature  undergo  rapid  change  witji  formaticm  of  a  red 
colour,* 

'  PreiMwh,  Joum.  iV«,  Chen.  [2],  yiii.  SIS. 

»  Meyer,  LUtig'i  Ann.  cIxxt.  B7  ;  Ttcherniak,  ibid,  clzxx.  188. 

•  IiixM,£T.J)aa»eh.Chem.att.ix.aaii  Loooo,  iMt  700. 
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PHOSPHORUS.  COMPOUNDS  OF  METHYL. 

153  Paul  Th^imrd  ^  ia  1846  ezamiDed  the  propertieB  of  several 
volatile  compounds  coDtaining  phosphorus  which  be  had  ob- 
tained by  acting  on  calcium  phosphide  with  methyl  chloride. 
Amongst  these  occurred  tnmeUiylpbosphine,t*(CHj)^and  tetra- 
methyldi^diosphine,  P|(CH^,.  In  1855  Cohoura  and  Hofmann  * 
inveatigated  the  substances  obtained  hy  the  action  of  methyl 
iodide  on  sodium  phosphide,  and  discovered,  in  addition  to  the 
two  bodies  just  mentioned,  tetramethylphosphonium  iodide, 
P(CH,)^L  They  likewiae  found  that  by  this  process  explosire 
bodies  are  produced,  and,  for  this  reason,  the  investigation  is 
not  without  danger.  On  this  account  they  sought  for  and  suc- 
ceeded in  finding  a  better  method  of  preparation,  which  wilt 
afterwards  be  described. 

Uonomethylphosphine  and  dimethylphospbine  were  discovered 
by  Hofmann  in  1871.' 

Methyl  Phosphine,  P(CB^Hj,  is  formed  by  the  action  of 
phospbonium  iodide  on  methyl  iodide  in  the  presence  of  zinc 
oxide : 

2CH,l  +  2  PHJ+ZnO-2  PfCH^H,I+ZnI,+H,0. 

The  secondary  base  is  formed  at  the  same  time,  according  to 
the  equation : 

2  CH,T  +  PH^I  +  ZnO  =  PCCHJ,H;I  +  ZaI,  +  H,0. 

In  order  to  prepare  thesd  eompoands,  the  smterial*  are  mixed 
in  the  proportions  indicated  by  tlie  first  ttquatioa,  placed  in 
carefully  closed  tubes,  and  then  heated  from  six  to  eight  hours 
to  100°.  After  this  operation,  the  contents  of  the  tubes  form  a 
ctystalline  mass  consisting  of  the  two  double  zinc  salts.  The 
primary  base  is  obtained  from  these  by  decomposition  with 
water,  whilst  the  dimetbyiphosphine  salt  remiuns  unaltered,  but 
may  be  decomposed  by  alkalis.* 

In  order  to  prepare  the  iree  bases,  the  product  of  the  reaction 
is  brought  into  the  vessel  A,  Fig.  62,  filled  with  hydrogen,  and 
water  is  allowed  to  drop  upon  the  mass.    Uethyl  pbosphine  gas 

>  Camvt.  Send.  xit.  !B9. 

*  Phil.  Train.  1S67,  STfi ;  ue  alui  Chem.  £oc  /ounk  sUL  SSB ;  xiv.  78,  SIS. 

*  Proc.  Sog.  Soe.  xx.  221. 

*  Uolmanu,  £a:  Dtultck.  CKtm.  Of,  iv.  OOS. 
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is  then  evolved  with  hissing  and  effervescence ;  this  is  allowed 
to  pass  through  a  spiral  tuhe  Burrouuded  by  a  freezing  mixture 
into  the  vessel  u,  also  well  cooled,  in  which  it  is  condensed. 
When  no  evolution  of  gas  takes  place  on  further  addition  of 
water,  the  crystalline  mass  is  heated  until  the  whole  is  dissolved, 
when  a  sudden  torrent  of  gas  is  frequently  given  off,  and  hence 
the  receiver  is  connected  with  a  condensing  flask,  k,  containing 
concentrated  hydiiodic  acid,  in  which  any  uncondensed  gas 
vhich  might  otherwise  escape  is  absorbed. 


Methyl  phosphine  is  a  colourless  gas,  possessing  an  excessively 
powerful  odour.  It  condenses  on  cooling  or  under  pressure  to  a 
liquid  boiling  at  -1*°,  and  its  vapour  density  is  1'687.  On 
exposure  to  air,  it  evolves  white  fumes,  and  takes  fire  even  when 
but  slightly  warmed.  In  contact  with  chlorine,  bromine,  or 
nitric  acid,  it  burns  with  a  bright  flame.  It  forms  with  acids 
a  well-defined  series  of  salts  which,  like  those  of  phospburetted 
hydrogen,  are  decomposed  by  water,  and  possess  moreover  the 
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singular  jawperty  of  bleaching  vegetable  colours  like  chlorine, 
a  reaction  which  ia  not  exhibited  by  the  free  base.  Thia  may 
be  well  shown  by  brii^cg  a  piece  of  litmus-paper,  half  moist- 
ened with  water  and  hiUf  with  acid,  into  the  gas,  when  the  latter 
half  only  will  be  bleached. 

Methyl  PhosjAonium  Chloride,  P(CH,)Hj01,  is  fwmed  by  the 
union  of  its  two  anhydrous  constituents.  It  ciystallizes  in  four- 
sided  tables,  which  are  so  volatile  that  their  ethereal  solution 
evaporates  as  a  whole. 

Methyl  Phosphonium  Iodide,  P(C5,)HjI,  separates  from  con- 
centrated Kydriodic  acid  in  laige  compact  crystals,  and  can 
easily  be  obtained  pure  by  subliroation. 

Methyl  Photphinic  Acid,  P(CH^O(0H)j,  is  obtained  when  the 
base  is  passed  into  concentrated  nitric  acid.  It  forms  a  hygro- 
scopic, spermaceti-like,  crystalline  mass,  which  melts  at  105*,  is 
eatily  soluble  in  water,  and  possesses  a  purely  acid  taste.  Being 
a  dibasic  acid,  it  yields  two  series  of  salts.' 

Phosphorus  pentachlofido  decomposes  it  into  the  chloride, 
F(CH,)OClv  a  white  ciystalline  body  which  melts  at  32'  and 
boils  at  163°,  and  is  decomposed  with  explosive  violence  by 
water.' 

This  compound,  is  isomerio  with  methylphosphorous  acid, 
from  which,,  bowerver,  it  is  sharply  distinguished  by  its 
properties. 

154  DimetJtylphayikiiu,'P{CS^)J3..  If  caustic  soda  solution  be 
added  to  the  liquid  from  which  methyl  phospbine  bss  been  ob- 
t^ed,  the  secondary  base  is  liberated,  and  separates  out  in  a 
layer  on  the  top  of  the  liquid.  It  is  a  colourless  liquid,  boiling 
at  20°,  and  taking  fire  instantly  on  exposure  to  the  air,  burning 
with  a  very  luminous,  phosphorus-like  fiame.  If  the  atmo- 
sphere of  hydrogen  in  which  it  is  prepared  contains  even  a  trace 
of  air,  this  is  instantly  observed  by  the  formation  of  a  wlute 
cloud,  and  dai^rous  explosions  may  ensue  in  the  preparation  of 
thia  body,  unless  great  care  be  taken.  It  forms  with  acids  easily 
soluble  salts.  The  hydrochloride  yields  with  platinic  chloride  a 
well  crystallizable  double  salt.* 

I4itric  acid  oxidizes  the  base  to  dimethylphosphinlc  acid, 
P{CH,)(O.OH,  a  white  parafiRn-Hke  mass,  melting  at  76",  and 
volatiUzii^  without  decompo^tion.  It  is  a  monobasic  acid,  and 
yields  a  well-defined  series  of  aalbs.*     Phosphorus  pentachloride 
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converts  it  into  the  chloride,  P(CH,),0C1,  a  crysrtalline  body 
melting  at  GG",  and  boiling  at  204°,  and  being  slowly  decomposed 
by  water,^ 

155  THmethyl  Hiosphiru,  P(CHg)g,  is  obtained  by  actii^  on 
phosphorus  trichloride  with  zinc  methyl : 

3  Zn(CHJi  +  2PCIj  =  SZoCl.  +   2  PC^H,)^ 

l^e  apparatus  employed  for  preparing  this  substance  is 
showu  in  Fig.  63.  A  pipette  furnished  with  a  stopcock  contains 
phosphorus  trichloride,  and  the  retort  a  mixture  of  ether  and 
sine  methide.  This  ia  connected  with  a  bent  tube,  'in  which  a 
few  drops  of  phoapharus  trichloride  are  placed,  whilst  to  this  is 


attached  a  cylinder  (c)  cout^ning  dry  carbon  dioxide,  the  whole  of 
the  apparatus  being  filled  with  the  same  gaa  before  the  beginning 
of  the  experiment  from  the  evolution  flask  (a).  The  trichloride 
is  then  allowed  to  pass  drop  by  drop  into  the  retort,  when 
a  reaction  takes  place  as.  violent  as  that  observed  when  sul- 
phur trioride  acts  on  caustic  baryta,  so  that  the  zinc  methyl 
is  partly  volatilized,  and  carried  forward  not  only  into  the  re- 
ceiver but  into  the  bent  tube,  where  it  meets  with  the  phosphorus 
trichloride,  and  is  absorbed.  The  drop  of  trichloride  serves  also 
aa  an  indicator  of  the  progress  of  the  reaction.  After  a  time  the 
action  becomes  less  violent,  and  when  no  further  evolution  of 


>  HobnanD,  Bar.  Dtutkh.  Chtm.  Ot*.  tL  907. 
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heat  takes  place,  it  is  complete.  In  the  receiver  and  bent  tube, 
and  sometimes  even  in  the  cylinder  (c),  two  layers  of  liquid  are 
found,  of  which  the  upper  one  consists  of  a  mixture  of  ether  and 
phosphorus  trichloride,  which  may  again  be  employed  in  a 
second  preparation  of  the  base ;  the  second  and  heavy  layer  is  a 
compound  of  trimethylphosphine  with  zinc  chloride.  For  the 
purpose  of  obtaining  the  &ee  base,  solid  caustic  potash  is  added 
to  this  liquid,  and  water  gradually  allowed  to  drop  in,  when  so 
much  heat  is  evolved  that  the  base  distils  over ;  this  then  is  dried 
over  caustic  potash  and  rectified.  These  operaUons  must  be 
carried  on  in  an  atmosphere  of  carbon  dioxide. 

Trimethylphosphine  is  also  easily  formed  by  heating  methyl 
alcohol  with  phoaphonium  iodide  In  sealed  tabes.^ 

3CH,.0H  +  PH,I  =  P(CH,),ffl  +  3H,0. 

If  it  is  desired  to  prepare  it  according  to  this  process,  two 
molecules  of  the  iodide  are  added  to  only  five  molecules  of 
alcohol  in  order  to  avoid  the  formation  of  tetmmethyl  phoapho- 
nium iodide.  In  this  case,  however,  large  quantities  of  phos- 
phine  are  formed  by  a  secondary  reaction,  and  hence  it  is 
necessary  to  employ  strong  and  well  fused  tub^,  which  most 
be  heated  for  many  hours  to  180°.  The  product  thus  obtained 
yields  the  free  base  on  treatment  with  caustic  soda  solution. 

The  fonnftioQ  of  this  compound  by  heating  phosphonium- 
iodide  with  carbon  disulphide  to  150°  is  of  ^^at  theoretical 
interest : * 

3CS,  +   4PHJ   =  P(CH,)^  +  3H^   +   3PSL 

Trimethylphosphine  is  a  light,  mobile,  powerfully  refracting 
liquid,  which  boils  at  from  40°  to  42",  and  has  a  most  indescrib- 
able and  penetrating  odour.  It  fumes  in  the  air,  and  on  ex- 
posure becomes  surrounded  by  a  ciystalline  crust  of  trimethyl- 
phosphine oxide,  P(CHj)jO,  and  frequently  takes  fire.  It  idso 
combines  directly  with  sulphur,  selAiium,  and  the  elements  of 
the  chlorine  group,  as  well  as  with  carbon  bisulphide.  The 
compounds  thus  obtained  closely  resemble  the  corresponding 
triethylphosphines. 

156  TetniiMtAi/lphosphoniumIodide,V(GH^^,  is  formed  by  the 
union  of  methyl  iodide  with  trimethylphosphine,  and,  tt^ther 
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with    the    tertiaiy    base,  hjr    beatii^    methyl    alcohol  vith 
pbosphonium  iodide : ' 

4  CH,.0H+PH,I=P(CH^J+2H,0. 

It  cTjBtidlizes  &om  hot  alcohol  in  beautiful  glisteniDg  white 
ciystals,  which  assume  a  reddish  colour  o&  exposure  to  air.  A 
strongly  alkaline  hydroxide  is  obtained  by  acting  with  moist 
silver  oxide  on  its  aqueous  solution,  and  this  decomposes  on 
distillation  into  methane  and  trimethylphosphine  oxide : 

P(CH0.OH=CH^+PCCHJ3O. 

Tetrametkyl  BijAoiphide,  P^CH,),.  This  compound,  cor- 
responding to  liquid  phosphuretted  hydrogen,  was,  as  has  been 
stated,  discovered  by  Paul  Th^nard,  and  then  observed  by  Cahours 
and  HoEtnann.  It  is  a  thick,  colourless  liquid,  possessing  a  most 
unpleasant  smell,  boiling  at  250°,  and  taking  fire  on  exposure 
to  air 

ARSENIC  COMPOUNDS  OF  METHYL. 

157  In  the  year  17C0,  the  French  chemist  Cadet  observed  that 
a  mixture  of  equal  parts  of  acetate  of  potash  and  white  arsenic, 
when  heated,  yields,  together  with  white  arsenic  and  acetic  acid 
containing  arsenic,  a  heavy  brownish-red  hquid  which  has  a 
most  frightful  smell,  and  fumes  strongly  in  the  air.'  This  iact 
was  confirmed  by  Durande,' whilst  Th^nard*  investigated  this 
compound,  which  was  termed  Cadei's  fuming  arsenical  liquid, 
and  gave  to  it  the  name  of  "acetite  oleo-artenical."  It  is,  however, 
to  the  classical  research  of  Bunsen,*  carried  on  for  many  years 
under  circumstances  of  no  slight  danger,  that  we  owe  an  exact 
knowledge  of  the  arsenical  methyl  compounds. 

Bunsen  showed  that  Cadet's  liquid,  as  well  as  its  numerous 
derivatives,  contains  a  radical  having  the  formula  C^H^As, 
and  that  this  substance,  in  its  chemical  relations,  exhibits 
dtriking  analogies  with  a  mdtaL  He  succeeded  in  isolating  this 
body,  and  as  we  have  already  seen,  this  discovery  contributed 
largely  to  the  development  of  the  theory  of  compound  radicals. 

I  Rornunn,  Ber.  BaitiA,  Ckmt,  Oa.  It.  205. 

■  Mim.  de  Math,  tt  Fhy*.  Fret,  da  SavanU  ttnmg.  iiL  633. 

•  Nomtati  Clam.  Prim.  Theor.  iii  89. 

*  Ann,  de  Chiin.  ]u.  ti, 
LT.  an  :  zxrii.  148  ;  xxxi.  175  ;  xxxrii.  1  ;  xlJL  14  ; 

I  4& ;  PkiU  Mag.  [S],  xx.  ISO,  SSfi ;  zilL  180. 
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This  body,  like  most  of  its  compoundB,  possesses  a  frightfully 
offensive  odour,  so  much  so  that  the  air  of  a  room  coatain- 
ing  even  a  trace  of  the  vapour  is  rendered  so  unbearable  aa 
fretjuently  to  cause  vomiting.  For  titis  reason  the  name 
eaeodyl  (MaKvSrit,  stinking)  was  given  to  this  compound  by 
Berzelius. 

Various  hypotheses  have  been  put  forward  respecting  the 
constitution  of  this  radical  Kolbe '  6rst  soggeeted  the  view 
that  it  was  arseVr^imeihyl,  As(OH,)f.  This  was  rendered  very 
probable  by  the  experiments  of  Frankland,'  and  this  view  was 
afterwards  corroborated  by  Cahours  and  EJche.'  The  latter  also 
discovered  trimtihylarnfu  and  the  UtramdikifiamnUum  com- 
poundt.  But  it  is  to  Baeyer,*  who  at  a  -  later  period,  in  a 
masterly  investigation,  first  prqMced  the  araeii'monewtttkyl  com- 
pounds, that  we  are  indebted  for  the  full '  explanation  of  the 
relations  which  these  various  bodies  bear  to  one  another. 

The  arsenic  compounds  of  methyl  and  of  the  other  alcoholic 
radicals  played  an  important  part  in  the  development  of  theo- 
retical views,  not  only  because  they  furnished  .us  with  the  first 
example  of  an  isolable  organic  radical,  but  also  because  they 
served  Frankland  '  and  Kekul^  <  as  a  means  of  mora  exactly 
illustrating  the  meaning  of  the  term  "  chemical  valency." 

The  arBcnic  compounds  of  methyl  may  be  considered  as  being 
derived  from  arsenic  trichloride  by  Uie  partial  or  complete 
xe|dacement  of  the  chlorine  by  the  ^£ohol  radical : 

Anemo  tricUoride.  Anen-metliyl  dichloiideu 

(CH, 


fCl 
I  CI 

imsthjl  c 

fCH, 

.s-i  CH, 

(CI. 


Jnen-dimstliyl  cUorids, 
As-I  CH- 


The  chlorine  of  these  compounds  may  be  replaced  by  other 
elements  or  radicals,  and  for  this  reason  anen-monomethyl  is 


*  Ann.  Chtm.  Fhirm.  orii.  2B7. 

*  mi.  Tnnu.  1S52,  p.  410 ;  or  Si^erimenlai  BuearAa,  IBS, 

*  JtiK.  Ckem.  Fhana,  o»i.  129. 
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conBidered  aa  a  dyad,  aad  arseD-dimethyl  aa  a  monad  radJcaL 
These  arsemc  compounds  are,  as  Baeyer  haa  shown,  mutually 
convertible.  They  combine  like  phosphorus  trichloride,  with 
one  molecule  of  chlorine,  and  the  bodies  thus  obtained  easily 
decompose  with  evolution  of  methyl  chloride.  The  compound 
of  arsen-monomethyl  is,  however,  bo  unstable  that  it  can  only 
be  preserved  in  s  freezing  mixture : 

Afl(CH^,Cl,  =  CHjCl  +  As(CHs),a. 
A3(CH^jCIj  =  CHjCl  +  AaCCH^CV 
As(ChI)  CI,  =  CHjCl  +  AflClr 

Trimethylartiru,  As(GH^^  is  obtained,  farther  with  cacodyl 
and  tetiamethylarsonium  iodide,  by  the  action  of  sodium 
arsenide  on  methyl  iodide  (Cabouis  and  Biche).  It  is  produced 
on  treating  arsenic  trichloride  vrith  zinc  methyl : ' 

SAsCa,    +    3Zn(CH^,   =    2A3(CH0,    +    3ZnCl, 

In  {Jace  of  arsenic  trichloride,  cacodjl  iodide  may  be 
employed.  It  is,  however,  best  prepared  by  distilling  potash 
with  tetramethylarsoniam  iodide  or  one  of  its  double  salts,* 
which  will  he  described  hereafter.  It  is  a  strongly  refracting 
liquid,  boiling  at  about  70°,  and  possessing  a  highly  penetrating 
and  disagreeable  odour.  It  does  not  form  salta  with  acida,  but 
on  exposure  to  air  becomes  heated,  without  taking  fiie,  owing 
to  its  absorption  of  oxygen  to  form  a  crystalline  oxide.  It  also 
unites  directly  with  sulphur  and  the  elements  of  the  chlorine 
group,  yielding  crystalline  compounds. 

Tetramethylanonium  Compounds.  The  iodide,  As(GH^,I,  is 
the  chief  product  of  the  action  of  methyl  iodide  on  sodium 
arsenide,  and  remains  behind  as  a  white  crystalline  mass  when 
the  tiimethylarsine  and  cacodyl,  which  are  formed  at  the  same 
time,  are  removed  by  distillation  in  an  atmosphere  of  carbon 
dioxide.  It  ia  also  formed  by  the  action  of  methyl  iodide  on 
cadodyl: 

(CH,),A3,  +  2CH,I  =  (CH,),A8l  +  (CH,)^I. 

When  treated  with  silver  oxide,  the  aqueous  solution  yields 
the  corresponding  hydroxide,  As(CHj),OH,  This  substanco 
has  a  strongly  alkaline,  reaction,  and,  on  evaporation,  is  de- 
posited in  the  form   of  deliquescent  tabular   crystals.     When 
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arsenic  ia  heated  with  methjl  iodide  to  200*,  the  compooDd 
A8(CH^J  +  Asl,  is  obtained,  ctystaUiztng  from  hot  alcohol  in 
red  glittering  needles.  On  heating  arsenide  of  zinc  with  methjl 
iodide  to  180°,  the  double  salt  As(CH^4l  +  Znl,  i3  obtuned, 
and  this  separates  from  hot  alcohol  in  white  needles.  A 
corresponding  cadminm  compound  is  also  known. 

"When  ziDC  methyl  acta  upon  tetramethylaisonium  iodide,  and 
the  product  thus  obtained  is  distilled,  a  considerable  quantit;  of 
trimethylarsiDe  passes  OTor  first,  and  then  a  liquid  which, 
according  to  Cahours,'  is  ptntanuthylarsitu,  Aa(CH,)g.  It  is  de- 
composed by  iodine  into  methyl  iodide  and  tetramethylaraonium 
iodide  whilst  hydrochloric  acid  yields  the  corresponding  chloride, 
together  with  marsh  gas.  This  singular  body  deserves  further 
examioation. 

The  Cacodtl  ob  DmsTHrLjutsniE  CoHPonmx 

Z58  The  point  of  departure  of  these  bodies  is  Cadet's  liquid, 
or  alearsai,  as  Bunsen  termed  it,  giving  it  this  name  because  he 
at  first  believed  it  might  be  considered  as  a  polymeric  alcohol, 
oxygen  being  replaced  by  arseDic 

According  to  Baeyer,  the  best  mode  of  preparing  this  sub- 
stance  is  to  heat  equal  parts  of  white  arsenic  and  anhydrous 
sodium'  acetate  in  a  retort  in  quantities  of  about  3  kg.  at  a 
time,  allowing  the  vapours  to  pass  through  a  liebig's  condenser 
into  a  receiver  contunii^  water.  Highly  poisonous  gases  are 
thus  {pven  off,  which  must  be  allowed  to  pass  up  a  flue  into 
the  open  air.  The  heavy  oily  liquid  consists  chiefly  of  cacodyl 
oxide,  which  is  formed  according  to  the  following  equation : 

4CH^C0,K  +  AsjO,  =  [(CH^^],0  +  2K,C0,  +  200^ 

la  addition  to  this,  some  free  cacodyl  is  formed  by  reduction, 
and  this  it  is  which  gives  to  the  crude  product  the  property  of 
spontaneous  ignition.  Acetic  acid,  acetone,  marsh  gas,  ethylene, 
water,  and  arsenic  occur  as  by-products.  For  the  purpose  of 
purification,  the  crude  oil  is  distilled  with  several  times  its 
weight  of  hydrochloric  acid  and  corrosive  sublimate.  In  this 
way  pure  cacodyl  chloride  can  be  obtained,  which  may  be 
converted  into  the  pure  oxide  by  distillation  with  caustic 
potash. 

I  Ann.  Ckan.  nam.  cuii.  8U. 
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Cacod7jl  Oxide  or  IHmelhylamne  Oxide,  i^*;^}o.     This 

is  a  colourless,  heavy  liquid,  which  is  not  soluble  in  water,  but 
dissolves  iu  alcohol  and  ether.  It  boils  at  about  ISO",  and  Bolidifies 
a  few  degrees  below  —23°,  fbrmiog  a  crystaUiue  mass ;  it  does 
not  fume  in  the  air,  bntitsvapour,  when  mixed  with  air,  explodes 
if  heated  above  50°.  It  possesses  a  frightfully  initatiug  smell, 
destroying  the  mucous  membrane  and  producing  insensibility, 
and  acts  as  a  very  powerful  poison.  Although  it  does  not 
possess  an  alkaline  reaction,  ib  is  a  very  strong  base  readily 
uniting  with  acids  to  form  salts. 

Cacodi'l  Chloride,  (CHj)(AjbOI.  When  the  oxide  is  heated 
with  hydrochloric  acid  alone,  not  only  is  the  chloride  fonned 
but  also  the  oxychloride  in  considerable  quantity ;  the  pro- 
duction of  this  latter  being  avoided  by  the  employment  of 
corrosive  sublimate.  Cacodyl  chloride  is  a  heavy,  colourless, 
transparent  liquid  which  boils  at  a  temperature  not  far  from 
100°,  yielding  a  vapour  whc»e  density  is  456.  The  vapour 
ignites  spontaneously  on  exposure  to  air,  burning  with  a 
pale  arsenic-like  dame.  Heated  in  oxygen  it  explodes  most 
violently.  It  does  not  &me  on  exposure  to  air  but  absorbs 
oxygen,  forming  crystals  the  composition  of  which  has  not  been 
ascertained.  Its  amell  is  very  penetrating  and  stupefying,  far 
surpassing  in  this  respect  the  smell  of  the  oxide.  Inhaled  in 
even  moderate  quantity  it  produces  such  inflammation  of  the 
mucous  membrane  of  the  nose  that  the  vessels  swell  up,  and 
the  eyes  are  congested  with  blood.  Cacodyl  chloride  forms  double 
salts  with  various  metallic  chlorides  such  as  sal-ammoniac.  The 
platinum  compound,  2  (CHJ^AsCl  +  PtCI^  is  obtained  as  a 
red  precipitate  by  mixing  alcoholic  solutions  of  the  chloride  and 
platinum  chloride.  When  this  is  dissolved  in  hot  water  yellow 
needles  of  cacoplatylchloride,  (CHJ^AsjO.PtCI,  -I-  HjO,  and 
from  this  other  eacoplatyl  compounds  can  be  obtained. 

Cacodyl  Trichloride,  (C^)jAsCly  Cacodyl  monochloride  takes 
fire  in  chlorine  gas.  If,  however,  it  be  dissolved  in  carbon 
disulphide  and  chlorine  led  on  to  the  surface  of  the  liquid  the 
trichloride  crystallizes  out  in  transparent  prisms  which  decompose 
at  40°  into  methyl  chloride  and  methyl-arsen-dichloride. 

The  compounds  of  cacodyl  with  the  other  members  of  the 
chlorine  group  closely  resemble  the  chlorides. 

Cacodyl  Cyanide,  (CHj)jAs(CN),  is  formed  by  distilling  the 
oxide  with  concentrated  hydrocyanic  add,  as  well  as  by  acting 
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on  the  same  aubstaoce  with  mercuric  chloride.  It  cryatallizea  in 
large  glistening  four-sided  prisms  which  can  be  sublimed.  They 
melt  at  33°  and  boil  at  about  140°.  This  compound  is  scarcely 
soluble  in  water  though  easily  so  in  alcohol  and  ether.  When 
heated  in  the  air  it  takes  fire  and  bums  with  a  reddish-blue 
Same.  This  substance  is  extraordinarily  poiaonoua,  and  for  this 
reason  its  preparation  and  purification  can  only  be  carried  on  in 
the  open  air ;  indeed  even  under  these  circumstancea  it  is  neces- 
sary for  the  operator  to  breathe  through  a  long  glass  tube 
open  at  both  ends,  and  thus  to  ensure  the  inspiiation  of  air 
fiee  from  impregnation  with  every  trace  of  the  vapour  of  this  very 
volatile  compound.  If  only  a  few  grains  of  this  substance  bo 
allowed  to  evaporate  in  a  room  at  the  ordinary  temperature,  the 
effect  upon  any  one  inspiring  the  air  is  that  of  sudden  giddiness 
and  insensibility  amounting  to  complete  unconsciousness.  These 
symptoms,  however,  last  only  for  a  short  time,  and  are  without 
subsequent  evil  effects,  provided  the  operator  withdraws  himself 
in  good  time  from  the  action  of  the  poison  (Bunsen). 

Cacodyl  Sulphide,  JcidiljU  f  ^'  *'*'*  *'l'*^i°^  by  Bunsen  by 
distilling  the  chloride  with  a  solution  of  banum  hydrosulphide. 
It  ia  a  colourless  liquid  which  does  not  fume  in  the  air,  and 
possesses  a  highly  disagreeable  and  unpleasant  smell,  reminding 
one  at  the  same  time  of  mercaptan  and  aloarsin,  and  one  which 
remains  attached  to  articles  with  which  it  has  been  in  contact 
for  a  great  length  of  time.  It  boils  far  above  100°,  but  volati- 
lizes together  with  aqueous  vapour,  and  is  very  easily  inflam- 
mable. It  is  decomposed  byacida  with  evolution  of  sulphuretted 
hydrogen,  and  it  yields,  frith  solutions  of  various  metallic  salts, 
precipitates  like  those  produced  by  sulphide  of  ammonium.  It 
combines  with  sulphur  to  form  the  disulphide  (CH,)^AsjSj, 
crystalliziog  from  alcohol  in  large  clear  rhombio  tables 
possessing  an  unpleasant  smell,  and  fusing  at  50°. 

Cacodyl  Selenide,  fnri'l*^  [  Se,  is  obtained  by  distilling  the 

chloride  with  sodium  selenide.  It  is  a  yellow  liquid  which  in 
smell  resembles  the  sulphide,  but,  at  the  same  time,  has  an 
aromatic  odour.  It  behaves  tomurds  solutions  of  the  metalUc 
salts  like  the  selenides  of  the  alkali  metals. 

159  JHcacodyl,  (CHj)^^^^  This  is  the  free  radical  of  the 
dimethylarsine  compounds.  It  is  easily  formed  by  heating  the 
chloride  with  zinc  &om  00°  to  100' : 
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2  (CH^^Cl  +  Zn  ^  (CHjIa^}  +  ^"^'f 

It  13,  however,  very  difBcult  to  obtain  it  in  the  pare  state,  as 
we  have  to  distil  and  crystallize  a  body  which,  in  its  power  of 
spontaneous  inflammation,  is  not  iaferior  to  the  vapour  of 
phosphorus  it^lf. 

In  order  to  dry  the  cacodyl  chloride  in  an  atmosphere  free 
from  lur  Bunseu  used  the  drying-tube  (Fig.  04).  The  bulb 
(e)  contains  a  mixture  of  calcium  chloride  and  caustic  potash, 
and  the  air  is  displaced  by  a  cuirent  of  carbon  dioxide.  The 
cacodyl  chloride  is  then  sucked  up  by  an  ur-pump  into  the 


'^an 


f1 


bulb,  and  the  ends  (a)  and  (h)  sealed.  The  reduction  by  means 
of  zinc  and  tbe  distillation  of  the  product  is  carried  out  in  the 
double-bulbed  tube  (Fig.  65).  The  bulb  (a)  conttuns  the  zinc, 
and  into  this  the  dried  cacodyl  chloride  is  sucked,  and  tbe 
whole  heated  to  100*  for  three  hours.  A  compound  of  zinc 
chloride  and  cacodyl  is  then  formed,  and  this  is  decomposed  by 
allowing  water  to  enter  the  bulb,  and  the  heavy  oil  trans- 
ferred to  the  drying  apparatus.  This,  when  dried,  is  sucked 
back  again  into  the  distilling  bulbs  (Fig.  63),  digested  ^ain 
witli  clean  zinc,  and  re-distilled  from  bulb  (a)  into  bulb  ((). 
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Dicacod;!  is  a  heavy,  clear,  mobile,  strongly  refracting  'liquid 
vhiclL  sm^  like  the  oxide,  and  undei^^oes  such  a  violent  oxida- 
tion on  expoaure  to  air  that  when  it  is  attempted  to  dzop  the 
liquid  from  a  1>ottle  the  liquid  takes  fire  before  it  leaves  the  glass. 
When  air  is  allowed  to  come  into  contact  with  it  slowly,  it  forms 
a  thick  white  clond,  and  is  converted  into  cacodyl  oxide  and 
cacodylic  acid.  It  boils  at  170'  and  solidifies  at  —6°,  forming 
large  quadratic  prisms.  The  vapour  density  of  cacodyl  chloride 
is  7'101.  It  bums  in  oxy^n  with  a  pale  blue  flame,  and 
when  thrown  into  chlorine  burns  with  a  bright  light  with 
deposition  of  carbon.  Shaken  up  with  chlorine  water  it  forms 
cacodyl  chloride.  It  also  combines  directly  with  sulphur  and 
other  elements  yielding  the  compounds  which  have  been  already 
described,  and  for  this  reason  Bunsen  correctly  observes  that  this 
radical  in  every  respect  plays  the  part  of  a  simjde  electro- 
positive element,  and  that  it  is  indeed  a  true  organic  elemetU. 

With  the  haloid  salts  of  the  organic  radicals  it  forms  the 
arsenium  compounds : 

(CHj),As,  +  2  C^Cl  =  (CBy,(C^,A«Cl  +  (CH,),A8CL 

Caeodylio-  Add  or  IXmeihylarseme  Acid,  AsO(CH,)jOH,  is 
formed  by  the  further  oxidation  of  the  oxide  in  the  air.  It  may 
be  obtained  more  rapidly  by  pouring  water  on  the  last-named 
compound  mixed  with  mercuric  oxide ; 

(Cig^AsjO  -I-  2  HgO  +  H,0  =  2  (CHJ,AsO.OH  +  2Hg. 

It  is  easily  soluUe  in  water,  has  an  add  reaction,  is  odourless, 
and  crystallizes  from  alcohoUc  solution  in  deliquescent  oblique 
rhombic  prisms.  It  is  not  attacked  by  fuming  nitric  acid  or 
even  by  aqua  regia,  and  according  to  Bunsen  it  is  not  poisonous, 
although  the  experiments  of  Lebahn  and  Schultz  >  have  not  alto- 
gether corroborated  this  statement,  as  they  found  that  doses  of 
four  decigrams  act  fatally  upon  a  rabbit.  Phosphorus  penta- 
cbloride  decomposes  cacodylic  add  into  atsendimethyl  trichloride : 

(CH^^O.OH  -f-  2  PCI,  =»CCEyBAsCI,  +  2  POa,  +  HCl. 

Concentrated  hydrochloric  add  converts  cacodylic  acid  into  the 

compound  (CH,)As(OH),C!l,  to  which  Bunsen  has  given  the 

name  of  cacodyl  perchloride,  as  it  is  also  obtained  by  the  action 

'  Btr.  DeuUok.  Cktm.  &«.  xH.  S2.  . 
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of  moist  air  on  the  tricUoride.  Water  deeompoaes  it  with  &r- 
matiou  of  cacodylic  acid.  The  salts  of  cacodylic  acid  are  soluble 
in  water  and  crystaUize  with  difficulty.  Silver  cacodylate, 
(CHg)jOAs.OAg,  separates  out  from  hot  aloobol  in  concentric 
groups  of  Deedles. 

MONOMETHTL  AeSINE   CoHFOUNDS. 
i6o  Cacodyltrichloride  decomposes,  Bs  has  already  been  stated, 
when  heated  to  iO'-SO'  into  methyl  'chloride  and  methylattai 
diehloride,  As(CH,)Clf,  which  compound  is  likewise  obtained  by 
heating  cacodylic  acid  in  a  current  of  hydrochloric  acid  gas : 

Afl(CE:j,0.OH  +  3  HCl  =  As(CH^Clj  +  CH,a  +  2  H,0. 

It  is  a  heavy,  mobile,  strongly  refracting  Hquid  boiling  at  133°. 
It  does  not  fume  in  the  air  and  is  not  decomposed  hy  water,  in 
which  it  dissolves  with  tolerable  readiness.  The  vapours  of  this 
body  attack  the  mucous  membrane  in  a  most  extraordinary 
manner.  If  even  smelt,  the  eyes,  the  nose,  and  the  whole  face 
swell  conuderably,  and  a  peculiar  .piercing  pain  is  felt  as  far  as 
the  throat  (Baeyer).  The  crystalline  tetrachloride,  As(CH,)Clj, 
is  formed  when  this  body  is  treated  with  chloriue.  This  latter 
compound  is  stable  only  at  a  low  temperature,  and  below  0* 
decomposes  into  methyl  chloride  and  arsenic  trichloride.  If  the 
dichloride  be  saturated  under  water  with  potassium  carbonate, 
methylanenoride,  As(CH,)0,  is  formed  whilst  carbon  dioxide  is 
evolved.  Methylarsenoxide  is  soluble  in  water,  alcohol,  ether, 
and  carbon  disulphide,  and  may  be  obtained  from  the  latter 
solvent  in  large  crystals,  apparently  cubic,  but  not  belonging  to 
the  regular  system.  These  melt  at  95°  and  smell  strongly  of 
asafostida.  In  a  short  time  they  undergo  change  yielding  a 
porcelain-like  mass,  and  in  this  req)ect  they  resemble  glassy 
arsenic  trioxide ;  indeed  in  its  general  properties  this  compound 
appears  to  hoM  a  middle  place  between  arsenic  trioxide  and 
cacodyl  oxide.  It  forms  with  hydriodic  acid  methyl-arundi-iodide, 
As(CHg)l2,  crystallizing  in  long  glittering  yellow  needles,  pos- 
sessing no  smell,  which  melt  at«25'',  and  can  be  volatilized 
without  decomposition  above  200°. 

MethylarsentKlphidt,  ^(CH,)S,  is  formed  by  the  action  of 
sulphuretted  hydrogen  on  the  chloride,  and  crystallizes  from  hot 
alcohol  or  carbon  disulphide  in  glittering  tablets  or  email  prisms, 
which  have  a  faint  smell  of  asafoetida  and  melt  at  110°,    Its 
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alcoholic  solution  precipitates  the  aulpbides  from   solution  of 
copper,  silver,  lead,  Sec. 

MonoButhylanmie  Add,  (CH,)AaO(OH}i,  is  formed  by  the 
action  of  freshly  preci|atated  silver  oxide  on  the  chloride  in  the 
presence  of  water  or  by  the  action  of  mercuric  oxide  on  the 
oxide.  It  cTystallises  from  hot  alcohol  in  large  hair-like  crystals 
which  have  a  purely  acid  taste.  The  barium  salt,  CH,AsO,Ba 
+5HjO,  ia  prectptated  from  alcoholic  eolutioa  in  colourleas 
needles.  If  its  solution  be  mixed  with  one  of  silver  nitrate  a 
predptate  of  the  silTer  nit,  CH,AgO,Afa  is  obtained  This 
conasts  of  fine  crvBtab  which  possess  a  beautiful  mother-of-pearl 
lustre. 


COMPOUNDS  OP  METHYL  WITH  ANTIMONY. 

]6x  Trimetktfist&ine,  Sb(CH^y  was  discovered  by  Landolt ' 
in  1851,  and  termed  by  him  stibmethyL  It  is  obtained  by  the 
action  of  methyl  iodide  on  a  mixture  of  potassium  antimottite 
and  quartz  sand,  the  product  being  distilled  in  on  atmosphere  of 
carbon  dioxida  It  is  an  easily  mobile  liquid,  possessing  a  highly 
unpleasant  garlio>Iike  smell,  which  at  15*  has  a  specific  gravity 
of  1'523  and  boils  at  SO^'S.  It  absorbs  oxygen  from  the  air, 
thereby  bdng  heated  to  a  point  which  may  give  rise  to  ignition. 

TrimethyUtibine  Oxide,  Sb(CH^O,  is  formed  by  the  slow 
oxidation  of  the  foregoing  compound/but  is  best  prepared  by 
decomposing  the  corresponding  iodide  with  silver  oxide.  It  is  a 
crystalline  mass  easily  soluble  in  water,  forming  crystallized 
salts  with  acids. 

The  chloride,  Sh(CH)gClp  ia  obtained  by  the  direct  union  of 
trimethylstibine  with  cfaloriue,  and  ciystallizes  in  somewhat 
difficultly  soluble  hexagODal  tables.  The  iodide,  obtained  by  the 
action  of  hydriodic  acid  on  the  iodide  or  by  the  direct  combina- 
tion of  trimethylstibine  with  iodine,  is  likewise  formed  when 
methyl- iodide  is  heated  with  antimony  to  140°'',  and  crystallizes 
from  hot  water  in  six-uded  prisms.  The  nitrate,  Sb(CH,)g(K03)2, 
crystallizes  in  thin  tablets,*  and  the  sulphate,  Sb(CH^),SO^, 
forms  indistinct  ciystala 

IHmethylBtiioniam  Iodide,  Sb(CHj)  J,  is  easily  formed  by  the 
direct  combination  of  methyl  iodide  with  trimethylstibine.    It 
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cryatallizes  in  step-like  tables  belonging  to  tbe  faezagoiuU  system. 
Its  aqueous  solution  yields  with  freshly  precipitated  silver  oxide 
a  strongly  alkaline  liquid  containing  in  solution  the  correspond- 
ii^  hydroxide,  Sb(CH,)^OH.  This  on  evaporation  in  a  vacuum 
leaves  a  dystallioe  very  deliquescent  mass,  -which  in  all  its 
reactions  exhibits  the  strongest  analogy  to  caustic  potash,  and 
when  gently  heated  it  maybe  partially  sublimed.  On  neutraliza- 
tion with  acids  a  series  of  salts  are  obtained  from  this,  easily 
soluble  in  water,  less  soluble  in  alcohol,  and  readily  soluble  in 
ether.  The  chloride  crystallizes  in  hexagonal  tables.  Its 
aqueous  solution  yields  with  platinic  chloride,  ayellow  crystalline 
precipitate,  having  the  composition  2  Sb(CH,)^Cl+PtCl,.  The 
normal  sulphate,  [Sb(CHj)f]^0^+5HjO,  forms  small  rhombic 
crystals  which  effloresce  on  exposure,  and  the  acid  salt,  Sb{CH,)^ 
SO^H,  crystallizes  in  hard  transparent  four-sided  tables  which 
'  possess  an  acid  and  bitter  taste.  The  nitmte,  Sb(CH,)^  N0„ 
closely  resembles  saltpetre.  All  these  salts  decompose  when 
heated  with  evolution  of  combustible  vapouTS. 

Antimony  Pentamethyl,  Sb{CHg)(.  Trimethylstibine  dl-iodide 
is  violently  attacked  by  zinc  mediyL  The  product  of  the  reaction 
appears  to  contain  pentamethyl  stibine  as  well  as  trimethyl- 
stibine. It  is  an  oily,  sharp-smelling  liquid,  boiling  between 
96°  and  100*.  Like  the  corresponding  arsenic  compound  this 
subatuice  merits  further  investigation. 


COMPOUNDS  OP  METHYL  WITH   BORON. 

i6a  Bormetkyl  or  Trimetkylborine,  B(CH,)^  is  formed  by  the 
action  of  zinc  methyl  on  ethyl  borate ;  > 

2b|ocX  +  eZ'^jpS'  =  2B|cH,H-6Znj^^ 

Bormethyl  is  a  colourless  gas,  having  a  specific  gravity  of 
1-9108,  and  liquefying  under  a  presBure  of  three  atmospheres 
at  10°,  and  then  forming  a  very  mobile  liquid.  It  possesses 
a  most  disagreeable  penetrating  smell,  attacks  the  mucous 
membrane  frightfully,  and  produces  a  violent  flow  of  tears. 
When  ignited  in  the  air,  and  sometimes  even  spontaneously,  it 
t  Fnnklud  and  Duiipt,  FIM.  ZVtnu.  da  107  (1SS2), 
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bums  with  a  beautiful  green  flame  which  deposits  so  much  car- 
boa  that  about  40  cbc,  of  the  gas  are  saGSdent  ia  order  to  All  a 
large  room  with  particles  of  carbon.  This  peculiar  pbenomenoa 
probably  depends  upon  the  fact  that  the  particles  of  separated 
carbon  are  surrounded  by  a  film  of  fused  boron  trioxide  and  are 
thus  prevented  from  burning.  If  the  gas  be  suddenly  mixed 
with  air  or  oxygen  a  violent  explosion  takes  place.  If,  on  the 
other  hand,  air  be  allowed  slow  access  through  a  glass  tube,  a 
&int  blue  flame  is  observed  in  the  dark,  and  in  this  the  finger 
may  be  held  for  some  time  without  incoavenience.  In  this  case 
oxidation  products  are  formed,  which  impart  to  the  issuing 
air  the  peculiar  smell  above  alluded  to.  Bormetbyl  infiamcs 
also  when  thrown  into  chlorine.  On  the  other  hand  iodine, 
hydriodic  acid,  and  concentrated  sulphuric  acid  are  without 
action  upon  it,  whereas  alkalis  absorb  it  It  forms  with 
ammonia  the  compound  B(CH^yNH^  ciystallizing  from  ether 
in  large  crystaJa,  the  smell  of  which  serves  as  a  reminder  of  its 
composition.  This  body  is  volatile  and  may  be  sublimed,  the 
vapour  having  a  density  of  1'253  (Frankland  and  Duppa). 


COMPOUNDS  OF  METHYL  WITH  SILICON. 

163  Silicon'Metkyl,  St(CH,)y  is  formed  by  the  action  of  zinc 
methyl  on  silicon  tetrachloride.  In  order  to  complete  the  reaction 
the  mixture  must  be  heated  for  twelve  hours  to  120°  and  tlienfor 
a  further  ten  hours  to  200°.  This  compound  is  a  blue  liquid 
which  swims  on  water ;  it  boils  at  30'  to  31°  and  bums  with  a 
blight  flame  when  brought  into  the  air,  evolving  a  thick  white 
cloud  of  silica,'  The  vapour  density  of  this  compound  is  3058 
(Friedel  and  Crafts). 


METALLIC  COMPOUNDS  OF  METHYL. 

164  Magnesium-Methyl,  Mg(CH^t,  was  obtained  by  Cahours* 
by  heating  magnesium  filings  with  methyl  iodide.  It  is  a  strongly 
smelling  mobile  liquid,  which  takes  fire  on  exposure  to  the  air, 
aud  is  decomposed  by  water  with  formation  of  marsh  gas  and 
ma^esium  hydroxide. 

1  Friadel  and  Cnlta,  Bull.  Soe.  Chim.  [2],  iU.  8S0  ;  Ann.  OUju.  Fkgi.  [i\ 

zix.>sa. 

>  AMk  CJUrn.  Phft.  [SI  iTilL  Iff 
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Zine-Methyl  or  Zine  Meihide,  Zn(CHg)^  This  important  body 
was  discovered,  together  with  its  h<»aologue,  zinoethyl,  in  1840, 
by  Frankland.^  By  this  discovery  our  scioQce  was  enriched 
with  a  new  clasa  of  bodies,  not  only  of  the  highcEt  importance 
for  the  development  of  our  theoretical  knowledge,  but  also 
serving  as  the  means  of  preparing  a  number  of  highly  interesting 
carbon  compounds,  such  as  those  of  the  alcohol  radicals,  with 
boron,  phosphorus,  and  silicon,  the  tertiary  alcohols,  and  many 
other  bodies,  some  of  which  have  already  been  described,  and 
many  others  which  will  be  mentioned  in  the  sequel 

Frankland  obtained  these  zinc  compounds  by  beating  the 
corresponding  iodides  with  zinc  to  a  temperature  of  150°,  and 
subjecting  the  crystalline  product  of  the  reaction  to  dry  dis- 
tillation. In  the  cose  of  methyl  iodide  the  compound  oMained 
is  Zn(CH3)I,  and  this  when  heated  decomposes  as  follows : 

He  also  found  that  this  reaction  easily  ta^^s  place  at  100'  in 
the  presence  of  anhydrous  ether,  but  then  the  ether  cannot 
readily  be  separated  from  the  zinc-methyL  If,  however,  the 
compound  thus  obtained  be  repeatedly  heated  with  zinc  and 
methyl  iodide,  nearly  pure  zinc-methyl  can  be  nhtained.' 

Butlerow,  who  has  employed  large  quantities  of  zinc-methyl 
in  his  researches,  found  it  advisable  to  employ  granulated  zinc 
which  had  previously  been  treated  with  acid.  This  was  thea 
quickly  dried  and  placed  with  the  iodide  in  sealed  tubes,  which 
were  afterwards  heated  to  100°  until  the  whole  of  the  liquid 
bad  disappeared.* 

Another  method  for  the  preparation  of  zinc-methyl  in 
quantity  consists  in  heating  mercury-methyl,  {CHj),Hg,  which 
can  be  readily  prepared,  with  a  large  excess  of  zinc  for  twenty- 
four  hours  to  120'.* 

It  is,  however,  most  readily  obtained  accordiog  to  the  process 
described  by  Gladstone  and  Tribe.'  These  observers  found  that 
when  copper  is  present  under  certain  conditions,  the  reaction 
takes  place  very  readily.     For  this  purpose  they  make  use  of  a 

'  Jottm,  Chem.  Soe.  ii.  29T. 

»  Wanklyn,  Joum.  CAetn.  Soe,  lili.  124. 

■  Zeilteh./.  CAaiL  1803,  idj. 

*  Frankland  and  Duppii,  Journ.  Chtm,  Soe.  xrii.  28. 

■  JauTTi.  Che».  Soe.  1879,  i.  107. 
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'copper-zinc  couple,"  prepared  in  the  following  way:  Thiu 
zinc  foil,  of  which  ahout  0  square  dm.  weig^  ahout  2  grama,  ia  cut 
into  small  pieces.  These  are  then  hiought  into  the  flask  which 
servcH  for  the  preparation  of  the  sdnc-methyl.  Eighty-four  cbc. 
of  a  solution  of  sulphate  of  copper  containing  S  per  cent  of  the 
anhydrous  salt  is  then  poured  in,  and  in  this  way  a  spongy  coatiug 
of  copper  is  deposited  iipon  the  zinc.  The  zinc  sulphate  formed 
ia  then  poured  off,  the  metal  washed  with  water,  alcohol,  and  after- 
wards with  ether,  and  dried  in  a  current  of  coal  gas  or  hydrogen. 
To  this,  methyl  chloride  is  then  added,  and  the  crystalline  zinc 
methyl  iodide  is  formed  slowly  at  the  ordinary  temperature,  bnt 
quickly  when  warmed.  This  is  then  distilled  in  an  atmosphere 
of  carbon  dioxide,  and  thus  pure  zinc-methyl  obtaiDed.  Tho 
same  chemists  have  lately  given  a  simpler  method  for  preparing 
the  "  copper-^oc  couple."  Copper  ozide  is  reduced  in  acurreot 
of  hydrogen  at  as  low  a  temperature  as  possible.  One  part  of 
the  metal  thus  obtained  is  brought  into  a  fiask  with  9  parts  of 
coarsely  divided  zinc  filings,  and  the  mixture,  constantly  shaken 
and  turned  round,  is  wanned  over  a  gas-flame  until  the  zinc 
filings  begin  to  alter  their  form  and  become  yellow.  Then  the 
powder  is  once  more  strongly  shaken,  and  if  the  experiment 
succeeds  the  product  must  be  a  dark  powder  having  a  metallic 
lustre.* 

In  order  to  prepare  zinc-methyl  the  apparatus  shown  in 
Fig.  66  is  best  employed.  The  flask  (A)  in  which  the  mixture 
is  contained  ia  always  connected  to  a  reversed  condenser,  the 
upper  end  of  which  is  placed  in  connection  with  a  small  bulb 
apparatus  containiug  mercury,  in  order  to  prevent  the  access  of 
air.  Before  the  vessel  is  heated,  the  whole  apparatus  ia  filled 
with  carbon  dioxide.  The  end  of  the  reaction  is  easily  ascer- 
tained by  no  more  methyl  iodide  running  hack.  The  flask  is 
then  conoected  with  the  upper  end  of  the  condenser  and  the 
zinc-methyl  distilled  off  and  collected  in  a  receiver  filled  with 
carbon  dioxide  and  shut  off  from  tho  air  by  means  of  mercury. 

165  Properties. — Zinc-methyl  is  a  colourless,  mobile,  strongly 
refracting  licjuid,  boiling  at  4G*  and  having  a  specific  gravity 
at  lO'-S  of  I  -386.  Its  vapour  density  is  3*29  (Wauklyn).  It  has 
a  strong  disagreeable  odour,  and  instantly  takes  fire  when 
brougtit  in  contact  with  the  air,  burning  with  a  bright  greenish- 
blue  flame  with  formation  of  thick  clouds  of  zinc  oxide.  It  bums 

.  ■  Aunt.  CSm.  Soc.  1S79,  i.  661. 
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explosively  in  oxygen,  and  ia  decomposed  with  great  violence 
by  water  with  evolution  of  mareh  gas : 

Zn(CHJj  +  2  H,0  =  2  CH.  +  ZnfOH),. 

Hence  it  is  necessary  in  the  preparation  to  avoid  the  presence 
of  all  moisture. 

Acoording  to  Fraakland,  the  accidental  inholation-of  its  vapour 
produces  gymptoms  of  poisoning  indicated  by  its  poverful  action 


on  the  nervous  system.  Friedel  and  Crafts'  also  considered  it 
highly  poisonous.  On  the  other  hand,  Wanklyn  and  Butlerow  ' 
state  that  it  is  not  poisonous.  Ttie  latter  chemist  who,  as  has 
been  said,  has  worked  for  a  long  time  with  this  material,  men- 
tions that  although  it  possesses  an  unpleasant  smell,  and  for 
some  time  exerts  a  disagreeable  sensation  in  the  throat,  and 
gives  rise  to  difficulty  of  breathing  and  violent  coughing  when 
inhaled,  these  symptoms  disappear  after  a  few  hours  without  any 
*  Stdl,  Soe.  Ckim.  1S6S,  ii  S5T.  *  Ajtn.  Chem,  Pharm.  cxlir.  Sft 
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viable  effects  Temoinmg.  By  the  action  of  metbyl  iodide  or  of 
mnc-metfayl  iodide  at  a  high  tempoiataTe,  ethane  is  formed : 

(1)  Zn}g^+2CH,I  =  2C,H,  +  ZDV 

(2)  Zn  I J^  +  CH,  =  C,H,  +  ZdI, 

It  is  therefore  necessary  io  the  preparation  of  zinc-methyl 
that  an  excess  of  metal  should  be  present,  but  in  spite  of  this 
almost  always  aomu  quantity  of  ethane,  as  well  as  of  marsh  gas, 
is  formed,  inasmuch  as  it  is  impossible  to  obtain  either  the 
apparatus  or  the  material  absolutely  dry.- 

When  dry  air  is  slowly  brought  in  contact  vith  zincmethyl  a 
crystalline  mass  smelling  like  camphor  is  obtwned,  having  the 
composition  Zn(OCn^CHy  This  is  decomposed  by  water  into 
methyl  alcohol,  marsh  gas,  and  xinc  hydroxide.  The  same  com- 
pound is  also  formed  when  zinc-methyl  is  acted  upon  by  a  small 
quantity  of  methyl  alcohol,  whilst  when  an  excess  is  employed 
a  second  solid  compound,  Zn(OCH^p  is  formed  (Butlerow). 

Iodine  converts  zinc-methyl  first  into  zinc-metbyl  iodide, 
CHjZnl,  a  body  already  mentioned,  and  this  on  further  treat- 
ment with  iodine  yields  methyl  iodide  and  zinc  iodide.  It  has 
already  been  stated  that  the  f<»ination  of  zinc-methyl  is  assisted 
by  the  presence  of  ether,  but  that  it  is  not  possible  to  separate 
these  two  bodies  by  fractional  distillation.  This  is  not  in  con- 
sequence of  the  two  substances  boiling  at  nearly  the  same 
temperature,  but  because  a  distinct  compound  of  the  two  is 
formed,  having  the  compo^tion  2  Zn(CH,),  +  (C,He),0.  Frank- 
land  has  proved  this  by  employing,  instead  of  common  ether^ 
methyl  ether,  which  boils  at  21°,  and  he  thus  obtained  the  homo- 
logous compound  2  Zn(CH,),  +  (CH,),0,  which  boils  at  the 
same  temperature  a.i  zinc-methyl  itselt  Zinc-methyl  readily 
absorbs  sulphur  dioxide  with  formation  of  methyl-zinc-sulpho- 
nate,  (CHj.SOi)iZn,  a  compound  examined  by  Hobson,^  who 
described  it  first  as  zinc-methyl- ditbionate.  He  also  prepared 
a  seriea  of  other  salts  by  double  decomposition.  Zinc-methyl 
combines  slowly  with  nitric  oxide,  giving  rise  to  a  colourless 
crystalline  body  having  the  composition  2lii(CH(),(N0,),  which 
oxidizes  so  quickly  on  exposure  to  air  that  it  r^dily  takes  fire. 
It  is  at  onco  decomposed  by  water  vitii  formation  of  marsh  gaa, 
'  Jntrn.  Cton.  Soe.  x  248. 
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zinc  hydroxide,  and  fine  dinitrometkylate,  Za(CW^)j(T^fij)j  + 
Sfi,  which  jieUs,  with  sodium  carbonate,  the  coTrespondbig 
sodium  salt  Na(CH^N,0,  +  H^O.  This  separates  from  its  alco- 
holic solution  in  crystals  which  on  heating  deflagrate  powerfully. 
The  constitution  of  those  singular  bodies  is  not  known.  The 
following  fonnulfe  and  equation  may,  however,  probably  express 
their  composition : 

Zn(CH,),   +   2N0   =   CH,.Zn.O.N;N.O.CH» 

2  CH3.Za.0.N :  N.O.CH,  +  2  H,0  =  Zu(^^  [  ^  o  C^ 

I  +2CH,  +  Zn(OH)r 

WhoQ  sodium  is  allowed  to  act  on  an  ethereal  solution  of 
zinc-methyl,  sodium  methyl,  NaCI^  is  formed.  This  body 
has  probably  not  yet  been  obtained  iu  the  pure  state.  Its 
existence  is,  however,  proved  by  the  jHroducts  obtained  by  the 
action  of  carbon  dioxide  on  this  substance,  when  heat  ia 
evolved  and  sodium  acetate  is  produced  :  * 

NaCH,  +  CO,  =  NaCO^CH,. 

l66  Mercury- Methyl,  'Hg(GTI^g,  was  discovered  by  Ftankland, 
who  obtained  it  by  the  action  of  light  on  methyl  iodide  in 
presence  of  mercury,  when  the  crystalline  compound,  mercury 
methyl  iodide,  Hg(CH^I,  is  formed,  and  this,  when  heated 
with  ainc-methyl,  is  converted  into  mercury-methyl.  The  same 
compound  is  obtained  by  the  action  of  zioc-methyl  on  mercuric 
chloride,  and  Frankland  and  Duppa  *  discovered  another  very 
simple  method  by  which  this  body  can  be  obtained  in  any 
desired  quantity.  Sodium  amalgam  does  not  act  upon  methyl- 
iodide  in  the  cold,  but  if  methyl  acetate  bo  added,  heat  is 
evolved  and  mercury-methyl  is  formed : 

2  CH,I  +  HgNa,  =  Hg(Ciy ,  +  2  Nal. 

In  order  to  prepare  it  according  to  this  method  sodium  amal- 
gam contvniog  one  per  cent  of  the  alkali  metal  is  gradually 
added  to  a  mixture  of  ton  volumes  of  methyl  iodide  and  one 
volume  of  methyl  acetate,  and  the  mixture  shaken.  In  the 
first  instance  it  is  necessary  that  this  should  be  well-cooled,  and 
OS  soon  as  a  sufficient  quantity  of  sodium  methyl  is  formed  to 
render  the  mass  syrupy  the  volatile  portion  is  distilled  off  on  a 
.     >  WuiklyD,  Proe.  Xey.  Stc  (ISfiS),  x.  i.  ■  Jmim.  C/um.  Soe.  xri.  41G. 
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vater-bath,  and  the  amalgam  again  beated  UDtil  no  further 
action  takes  place.  The  products  of  the  reaction  are  then 
distilled  with  water,  and  the  mercuiy-methjl  which  passes  over 
is  shaken  with  caustic  potash  in  order  to  decompose  an;  ethyl 
acetate  which  may  be  present ;  then  woeheii  with  water,  and 
lastly  dried  over  caldnm  chloride.  The  part  which  the  ethyl 
acetate  plays  in  the  reaction  is  not  understood,  it  a^tearing  to 
undergo  no  alteration. 

Uercury-metliyl  ia  a  transparent  liquid  having  a  specific 
gravity  of  S'OCD,  boiling  at  95°,  and  possessing  a  peculiar, 
rather  sweetish  odour,  wliich  becomes  exceedingly  unpleasant 
on  long  acquaintance.  It  is  analterable  in  the  air,  but  can 
however  be  readily  inflamed,  and  bums  with  a  luminous  flame, 
with  evolution  of  mercury  Tapours.  On  beating  with  other 
metala  the  mercury  can  readUy  be  replaced,  and  compounds 
are  thus  obtained  which  can  only  with  di£Bculty  be  otherwise 
prepared.  Unfortunately  mercury-methyl  is  a  veiy  poison* 
ous  substance,  and  a  prolonged  inspiration  of  its  vapour 
produces  phenomena  of  chronic  poisoning  which  are  afterwards 
iataL 

According  to  unpublished  experiments  performed  in  the 
Physiological  Laboratory  of  Owens  College,  Dr.  Gamgee  has 
found  that,  when  an  atmosphere  saturated  with  mercuric 
methide  is  inhaled,  the  respiratory  movements  of  both  firc^ 
and  mammals  cease.  The  action  is  apparently  one  exerted  on 
the  respiratory  centre  in  the  medulla  oblongata.  There  is  no 
paralysis  of  muscles  or  nerves.     The  lieart  is  unaffected. 

Mercury-Meihyl  Chloride,  Hg(CHf)Cl,  is  formed  when  methyl 
iodide  is  heated  with  an  excess  of  corrosive  sublimate.  It  is 
also  obtained  by  the  action  of  concentrated  hydrochloric  acid 
on  mercuiy-methyl : 

Hg{g|  +  Ha  =  Hg{gf.  +  CH., 

It  forms  colourless  crystal,  and  yields,  by  double  decomposition 
with  silver  nitrate,  the  corresponding  nitrate,  which  crystallizes 
in  tablets  and  is  very  soluble  in  water. 

Mercury-Methyl  Iodide,  Hg(CH,)I,  is  easily  obtained  by  the 
action  of  methyl*iodide  cm  mercury  in  the  sunlight,  as  well  aa 
by  treating  mercuiy-methyl  in  alcoholic  solution  with  iodine : 

Hg(CHO,  -I-  I,  =  Hg(CHJI  ^  CH,T. 
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It  is  soluble  in  water,  and  crystallizes  in  colourless  tablets, 
having  ab  tmpleasBDt  smell  and  taste.  It  melts  at  143',  and 
volatilizes  at  a  higher  temperature.  It  sublimes,  however,  at 
the  ordinary  temperature  of  the  air,  and  when  it  or  the  chloride 
is  treated  with  moist  silver  oxide  a  solution  of  the  hydroxide, 
having  a  strongly  alkaline  reaction,  is  obtained. 

Mercury-Methyl  Sidphate,  (HgGH,)^0^  is  obtained  in  the 
form  of  crystals,  tc^ther  with  marsh  gas,  by  the  action  of 
concentrated  sulphuric  acid  on  mercury-metbyL 

The  solutions  of  all  these  salts  yield  a  yellow  precipitate,  with 
sulphide  of  ammonium,  of  mereury-metkyl  nUphide  (Frankland.) 

167  Aluminium-Methyl,  A1(CH,),.  By  heating  methyl  iodide 
with  aluminium  foil  Cahours  obtained  a  colourless  liquid, 
which  contains  iodine,  and  is  spontaneously  inflammable,  and 
this,  when  treated  with  anc-methyl  yielded  aluminium-methyl. 
The  same  body  is  obtained  more  simply  by  beating  aluminium 
with  mercury-methyl  It  is  a  colourless  mobile  liquid,  crystal- 
lizing a  few  degrees  above  0°  to  a  mass  of  white  tablets.  It 
takes  lire  instantly  on  exposure  to  air,  and  is  decomposed  with 
great  violence  by  water.  Its  vapour  density  at  160°  corresponds 
nearly  to  the  formula  Alj(CH,), ;  it  diminishes,  however,  when 
the  temperature  is  raised,  and  at  220°  closely  corresponds  to  the 
formula  Al(CH()j.' 

Zead-Methyl,  Fb(CHj)^,  was  obtained  by  Cahours  *  by  acting 
with  methyl  iodide  on  an  alloy  of  lead  and  sodium,  as  well  as 
by  the  action  of  zinc-methyl  on  chloride  of  lead : 

2  PbClj  +  2  ZnCCH^,  =  PbCCH,),  +  2  ZnCl,  +  Pb. 

According  to  Butlerow,*  who  has  caretiilly  examined  this  sub- 
stance, it  is  a  mobile  liquid,  unalterable  in  the  air,  and  having 
a  slight  smell  resembling  raspberries.  It  boils  at  110°,  and  has 
a  specific  gravity  at  0°  of  2'03'l!,  its  vapour  density  being  9-G. 
Uethyl  is  withdrawn  from  this  substance  by  the  notion  of  the 
haloid  elements  or  their  hydroxides,  and  crystalline  sdts  of 
lead-trimethyl  are  formed.  The  iodide,  Pb(CHj)3l,  forma  long 
colourless  needles  difficultly  soluble  in  water.  When  this  body 
is  distilled  with  solid  catistic  potash  the  hydroxide,  Pb(CHg)jOH, 
is  obtained  as  a  mustard-like  smellii^  liquid,  solidifying  to  acute 
prisms,  and  acting  as  a  strong  alkali  (Cahours). 

1  Buakton  and  OdliDg,  Fnc  Soij.  Soe.  xiv.  19. 

•  Ah*.  CTim.  Phj/a.  [3),  Jiii.  885. 

*  ZeiitA.  Chtta.  Plutrm.  ISDS,  497. 
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l68  Tin  Tetrameihyl,  Sn(CHg)^,  is  produced  when  methyl  iodide 
is  heated  together  with  an  amalgam  of  tin  and  sodium.  It  is 
an  ethereal-smelling  liquid,  l>oiling  at  78°,  and  having  a  specific 
grttTity  at  13°  of  1-187.'  Its  vapour  density  is  600.  By  the  ac- 
tiop  of  iodine  tin  tnmethyl  iodide,  Sn(CHg),I,  is  obtained,  a  liquid 
smelling  like  mustard-dl,  boiling  at  170°,  and  having  at  0°  a 
specific  gravity  of  21482.  Caustic  soda  converts  it  into  the 
correi^Dding  hydroxide,  Sd(CH,>,OH,  which  crystallizes  in 
colourless  prisms,  slightly  soluble  in  water,  yielding  a  strongly 
alkaline  solution,  and  gives  rise  to  ciystalline  salts  when  brought 
into  contact  with  acids.  It  is  volatile  without  decranpoeition ; 
but  if  it  is  heated  for  some  time  near  its  boiling-point  it  loses 

water  and  is  converted  into  the  oxide,  0  -j  a(,/nHt' 

Tw  Dimethyl  or  Stafuto-Utrametkyl,  Sn^iCH^^,  According  to 
Cahonis  this  substance  is  formed  in  the  reaction  already  de- 
scribed together  with  tin  tetramethyl  Ladenbuig,  however, 
could  only  obtain  a  few  drops  of  a  liquid  which  was  probably 
this  compound. 

TtJt  IKmethyl  Iodide,  Sn(CH,),Iy  ia  formed  together  with 
zinc  trimethyl  iodide  when  tin  foil  is  heated  with  methyl  iodide 
to  160°.  It  crystallizes  in  yellow  oblique  rhombic  piiams  which 
melt  at  22°,  and  dissolve  in  water  and  still  more  readily  in 
^cohoL  It  boils  at  228°  and  is  decomposed  by  ammonia  with 
formation  of  the  amorphous  oxide  Sii(CH^jO,  which  does  not 
dissolve  in  water  but  is  soluble  in  caustic  uotasb  and  yields  with 
acids  a  series  of  crystalline  salts. 


OTHER  DERIVATIVES  OF  METHYL. 

1C9  The  methyl  compounds  are  mono-sabatitution-products  of 
methane.  If,  however,  two  or  more  atoms  of  hydrogen  iu  this 
body  be  replaced,  substances  are  obtained  which  may  be  regarded 
as  compounds  of  dyad  ai  polyvalent  radicals.  Thougb  these 
belong  to  other  groups  of  carbon  compounds,  yet  they  exhibit 
but  slight  analogy,  with  other  groups  and  are  best  considered  in 
this  place. 

IMchlormethane  or  Methylene  Dichhride,  OH^Clf,  was  first 
obtained   by  Regnault*  by  acting  on   methyl   chloride  wiUi 
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ctilorine  in  the  sunligbt.  It  was  aftenranls  more  thoroughly 
exanuQed  by  Perkin  *  and  Butlerow.'  It  ia  not  only  formed  ac- 
cording to  Begnault'a  process,  but  also  by  treating  an  alcoholic 
solution  of  chloroform  with  zinc  and  sulphuric  acid  (Oeuther)  or 
with  zinc  and  ammonia  (Richardson,  Williams,  Ferkin)  as  also 
by  the  action  of  chlorine  on  di-iodomethane. 

Dichlormethane  is  a  colourless  liquid  boiling  at  40°  possess- 
ing a  smell  similar  to  that  of  chloroform  and  having  a  specific 
gravity  at  0°  of  1  360  and  a  vapour  density  of  3-012.  The 
inhalation  of  its  vapour  produces  the  same  effects  as  that  of 
chloroform. 


Tricqlobhethane  OB  Chloboforh,  CHCI^ 

170  Chloroform  was  discovered  in  1S31  by  Liebig,*  who  ob- 
tained it  by  the  acUon  of  alkalis  on  chloral  (trichloracetoldehyde) 
and  by  treating  acetone  and  alcohol  with  bleaching  powder. 
Almost  at  the  same  time  Soubeiran  *  obtained  it  by  the  latter  of 
these  reactions  and  termed  it  ^her  bidilongue.  This  chemist  was 
considered  to  be  the  discoverer  of  the  eubetance  until  Liebig*  put 
forward  his  claim  as  having  first  prepared  the  compound,  although 
he  originally  believed  it  to  be  a  new  chloride  of  carbon.  It  ia  to 
Dumas*  (1834)  that  we  owe  the  recognition  of  the  fact  that  the 
componnd  contains  hydrogen,  and  the  determination  of  its  true 
formula.'  Begnault  then  proved  that  it  is  the  second  substitution- 
product  of  methyl  chloride. 

Chloroform  is  likewise  produced  by  the  action  of  bleaching- 
powder  on  a  large  number  of  organic  substances,  but  not  on 
pvre  methyl  alcohol,  sodium  acetate,  or  methyl  oxalate,  as  was 
formerly  believed  to  be  the  case.'     (See  Iodoform). 

PTeparation. — Chloroform  is  manufactured  on  the  large  scale 
by  warming  an  aqueous  solution  of  bleaching  powder  with 
alcohol.  Many  processes  are  given  for  its  manu&cture,  all  of 
which  recommend  that  bleaching  powder  should  be  well  stirred 
up  to  a  thin  paste  with  water,  and  this  then  heated  with  strong 
alcohol.     A  good  yield  is  obtained  when  10  parts  of  bleaching 

<  Joum.  Chem.  Sac.  xxiL  260.  ■  Zeiltek,  Chan.  1S8B,  ZTS. 

•  Pogg.  Ann.  xiiiL  441 ;  Ann.  FharM.  i  SI,  19(1. 

•  Ann.  Chirn.  rky:  [2],  ilTiii.  131 ;  ^nn.  i^rit.  I  S7S. 

•  Ann.  Chen.  Pharm.  clxiL.101. 

•  Ann.  C/iim,  Phyt.  ItL  116  ;  Ann.  P*arm.  in.  16*. 
'  Ibid.  (21.  liii.  858. 

■  Balohonbeic,  >?<£».  Akad.  Ber.  Uri.  ISS. 
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powder  are  rubbed  up  with  40  parts  of  hot  water  and  1  part  of 
alcohol  of  specific  gravity  O'SM  added,  the  temperature  of  the 
mixture  being  65°.  A  violent  reaction  then  takes  place,  and 
the  larger  portion  of  the  chloroform  distils  over  without  farther 
heating  the  rest  being  driven  over  hj  passing  steam  into  the 
vesseL  The  chloroform  is  then  washed  with  water  and  dried 
over  calcium  chloride,  or  rectified  over  concentrated  sulphuric 
acid. 

Of  late  years  a  large  quantity  of  chloroform  has  been  oV 
tained  by  the  action  of  caustic  soda  on  chloral  hydrate,  which 
is  now  prepared  oo  a  commercial  scale,!  formic  acid  beii^ 
produced  at  the  same  time : 

CCl^CHCOH),  +  NaOH  =  CC1,H+  CHNaO,  +  H,0. 

The  formation  of  chloroform  from  spirit  of  wine  cannot  be 
represented  by  means  of  a  simple  equation.  Bleaching  powder 
acts  upon  this  substance  both  as  a  chlorinating  and  as  an 
oxidimng  agent  The  mass  froths  strongly  from  evolution  of 
carbon  dioxide,  and  for  this  reason  large  vessels  have  to  be  used 
in  its  preparation.  The  following  equation  serves  fairly  to 
represent  the  principal  reaction  that  takes  place  in  the  conver- 
fflou  of  the  alcohol  into  chloroform  : 

3  CjHgO  +  8  Ca(OC!},  =  2  CHOI,  +  SCaCO,  +  CO, 
+  8H,0  +  5CaCV 

17X  Properties. —  Chloroform  is  a  colourless  mobile  liquid, 
possessii^  a  peculiar  ethereal  smell  and  a  burning  taste.  It 
boils  at  61°  (Liebig,  Regnault),  and  has  a  specific  gravity  at  0'  of 
1-5252.  Its  vapour  density  was  determined  by  Dumas  to  be 
4*20.  Chloroform  is  almost  insoluble  in  water,  but  is  miscible 
in  all  proportions  with  ether,  alcohol,  and  other  organic  liquids. 
It  readily  dissolves  phosphorus,  bromine,  iodine,  and  many 
oi^anic  substances.  For  this  reason  it  is  employed  in  analytical 
processes,  as  well  as  in  the  preparation  and  purification  of  a  huge 
number  of  compounds.  It  is  not  inflammable,  but  colours  the 
non-luminous  flame  green,  and  an  alcoholic  solution  bums  with 
a  smoky  flame,  evolving  fumes  of  hydrochloric  acid. 

This  discovery  of  the  aaiesthetic  properties  of  chloroform  was 
made  by  Sir  James  Simpson  of  Edinburgh  in  1848,^  and  since 
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that  time  thB  inhalation  of  the  vapour  of  chlorofonn  has  been 
largely  practiBed  for  the  purpose  of  procuring  insensibility  to 
pain  in  the  case  of  Burgical  operations.  Chloroform  is  likewise 
used  as  a  medicine. 

Chloroform  used  for  medicinal  purposes  must,  of  course,  be 
pure,  and  this  is  often  not  the  case  with  the  commercial  article. 
It  sometimes  contains  hydroshloiic  acid,  and  even  free  chlorine  ; 
the  presence  of  both  of  these  can  be  detected  by  the  action  of 
such  impure  chloroform  upon  litmus,  as  well  as  by  the  fact  that  it 
renders  alver  nitrate  solution  turbid,  whilst  the  pure  substance 
does  not  do  so.  If  a  cold  solution  of  potassltim  dichromate 
in  dilute  sulphuric  acid  be  coloured  green  by  chloroform,  the 
presence  of  alcohol  or  other  easily  oxidizable  bodies  is  indicated. 
Pure  chloroform  ia  not  coloured  brown  either  by  caustic  potash 
or  by  Sulphuric  acid.  It  does  not  attack  bright  metallic  sodium 
even  at  the  boiling  point,  and  if  this  metal  should,  under  these 
circumstances,  become  covered  with  a  white  coating  of  chloride, 
the  presence  of  other  chlorine  componnda,  such  as  dichlorethane 
or  ethylene  dichloride,  may  be  presumed.  These  same  im- 
purities may  also  be  recognised,  inasmuch  as  when  heated  with 
alcoholic  potash  the  impure  chloroform  evolves  a  combustible 
gas,  viz.  ethylene.,  When  chloroform  is  evaporated  on  a  watch- 
glass  without  warming  it  or  blowing  air  upon  it,  it  ought  not 
to  leave  a  residue  either  of  water  or  of  bodies  possessing  a  strong 
smell.  Should  the  latter  be  found  to  bo  the  case,  the  chloroform 
has  been  prepared  from  alcohol  containing  fiisel  oil. 

It  has  already  been  stated  that  monamines  can  easily  be 
detected  by  the  help  of  chloroform  (p.  162).  So  inversely  the 
latter  compounds  may  be  employed  for  the  detection  of  small 
quantities  of  chloroform.  As  the  most  easily  obtainable  amine, 
aniline  is  used  for  this  purpose ;  a  few  drops  of  this  liquid  being 
heated  with  the  substance  under  investigation  together  with 
alcoholic  caustic  soda  solution.  The  characteristic  smell  of 
carbamine  is  observed,  according  to  Hofmann,  in  solution  con- 
taining one  part  of  chloroform  to  6.000  parts  of  water. 

Chloroform  undergoes  a  series  of  decompositions  which  will 
be  described  under  the  corresponding  bodies,  only  a  few  of  the 
more  important  being  mentioned : 

(1)  When  heated  with  concentrated  sulphuric  acid  and 
potassium  bichromate,  carbonyl  chloride,  COCl,  (see  VoL  I., 
p.  621)  is  formed. 

(2)  When  heated  with  alkalis  chloroform  is  converted  into 
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fonoic  acid,  and  for  tliis  reason  it  was  formerly  termed  formyl 
chloride: 

CHCl,  +  4  KOH  =r  CHO.OK  +  3  KCl  +  SH^O. 

(3)  When  heated  viUi  alcoholic  ammonia,  ammonium  cyanide 
u  formed : 

CHCI,  4  5NH,  =  CNCNHJ  +  SNH^Cl; 

(i)  On  treatment  with  bromine,  brom-chloroform,  CBrClj, 
is  produced  as  a  colourless  liquid  boiling  at  104°,  which  has  a 
^wcific  gravity  at  0°  of  2060  (Pat«mo,  Friedel,  Silva). 

173  TetracfUorftutharu  or  Carbon  Tetrachloride,  CCl,.  This 
compound,  the  final  product  of  the  chlorioation  of  marsh  gas,  was 
discovered  by  Begnault'  in  1839,  and  obtained  by  the  action  of 
chlorine  on  chloroform  in  the  sunlight.  It  is  also  formed  when 
a  mixture  of  carbon  disulphide  and  chloroform  is  passed  through 
a  porcelain  tube  filled  with  pieces  of  porcelain  heated  to  redness.^ 
It  is  best  prepared  by  acting  with  chlorine  gas  on  a  boiling 
mixture  of  sulphide  of  carbon  containing  some  antimony  penta- 
cfaloride,  the  latter  compound  serving  as  a  carrier  of  chlorine. 
The  liquid  is  then  distilled,  and  the  portion  boiling  under  100' 
separated  and  treated  with  bailing  caustic  potash  in  order  to 
remove  chloride  of  silver,  trichloride  of  antimony,  and  undecom- 
posed  carbon  bisulphide.'  Tetrochlonnethane  is  also  formed 
when  chloroform  is  heated  with  chloride  of  iodine  to  160' — 170' 
(Hofmonn). 

It  is  a  colourless  liquid  boiling  at  78',  having  a  specific  gravity 
at  0°  of  1  6298,  and  possessing  a  smell  similar  to  that  of  chloro- 
form.    Its  vapour  has  a  density  of  6'24  (Eolbe). 

Dibrommethaiu  or  Hfethene  JHbromide,  CH^r^,  is  formed 
1^  the  action  of  bromine  on  the  corresponding  iodide,  and 
together  with  tribrommethane  by  acting  with  bromine  on 
methyl  bromide  for  some  hours  at  a  temperature  of  150'.  It 
is  a  liquid  which  boils  at  80'-82°  and  at  11°'5  has  a  specific 
gravity  of  2-0844,'  its  vapour  density  being  5  95  (Steiuer). 

173  Trtbrommethane  or  Bromoform,  CHBr,.  This  compound 
was  discovered  by  Lowig,'  in  1832,  who  prepared  it  by  de- 
composing bromid  (tribrom-acetaldehyde)  with  aqueous  alkalis. 

1  Ann.  CAint.  Fhya.  Iiii.  S7T.  *  Kolbci,  Am.  Chem.  i'Aarm.ilv.  tl  . 

■  Hofoiann,  Gkem.  Sac.  Joara.  xiii  63. 
'  Stcfaer,  Ber.  Devfteh.  ClitM,  Of.  Tii.  S07. 
•  Antt.  Phartn.  iii  29S. 
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L&wig  coDsidered  it  to  be  a  bromide  of  carbon,  but  Dumas  * 
ascertained  its  trae  composition,  and  obtained  it  by  the  action 
of  bromide  lime  upon  spirit  of  wine,  or  on  acetone.  It  is  also 
produced  when  bromine  is  added  to  alcohol,  or  better,  when 
bromine  is  poured  into  an  alcoholic  solution  of  caustic  potash. 
It  is  likewise  found  in  crude  bromine.*  Bromoform  smells 
and  tastes  like  chloroform;  it  boils  at  149'*-150°,  and  has  a 
specific  gravity  at  14°'5  of  2775,*  and  a  vapour  density  of 
8-63  (Cahours). 

Tetrabrommeiharuor  Carbon  JVraJromt(fo,CBr^,  was  discovered 
by  Bolus  and  Gitives  *  and  is  formed  by  heating  carbon  disulphide, 
bromoform,  iodoform  or  bromopicrin  with  bromine  in  presence 
of  bromide  of  iodine  or  certain  metallic  bromides. 

In  order  to  prepare  it,  2  parts  of  carbon  bisulphide,  11  parts 
of  bromine  and  3  parts  of  iodine,  are  placed  in  a  sealed  tube  and 
heated  for  4^  hours  to  a  temperature  of  250°,  and  then  the 
contents  of  the  tube  distilled  with  caustic  soda.  When  water 
is  added  to  a  mixture  of  bromoform  and  bromine,  tetrabrom- 
metbane  is  also  formed  on  exposing  the  roizture  to  daylight; 
but  the  reaction  only  takes  place  slowly,  whereas  if  some 
caustic  soda  be  added,  it  proceeds  much  more  rapidly,  inasmuch 
as  the  hydrobromic  acid  formed  is  at  once  neutraJized." 

It  crystallizes  from  hot  alcohol  in  white  glistening  tablets, 
wliich  have  a  sweetish  taste,  and  an  ethereal  smeU.  It  has  a 
specific  gravity  at  14°  of  3'42,  fuses  at  91°,  and  boils  with 
partial  decomposition  at  I89°'5.  It  may,  however,  be  sublimed 
without  change  by  careful  heating. 

174  Di-iodomethane  or  Methylene  Di-iodide,  CH^,,  was  first 
prepared  by  Butlerow'  by  acting  on  Bodium  e^ylate  with 
iodoform.  This  chemist  showed  that  the  body  formerly  ob- 
tained by  Briining  by  the  action  of  iodoform  on  caustic  potash 
is  identical  with  this  compound.  It  is  also  formed  when 
chlorofoim  is  brought  in  contact  with  concentrated  hydiiodio 
acid:' 

CHCI,  +  4HI  =  CHjT,  +  3HC1  +  ly 
Tliis  body,  which  is  used  for  the  preparation  of  several  other 

'  Ann,  Chim.  Fhy.  [2],  Ivi.  120. 

■  HermiDD,  A»n.  Chm.  Fhanu.  xcr.  211. 

3  Schmidt,  Bar.  Dmittck.  Clum.  Ga.  x.  193. 

*  Chem.  Soc  Joitm.  xiiii.  16*.  181 ;  xtiv.  778. 

*  HnbennanD,  Btr.  IkuUeh.  Chttn.  Oet.  tL  640. 

*  ..^nn.  Chen.  Pharm.  cril.  110;  MtL  2*2. 

'  Li«b«D,  ZeilmA.  dum.  ISSEI,  713 ;  Btjiidaaho.  Ibid.  1871,  SO. 
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compounds,  is,  however,  best  obtained  by  tbe  following  method 
proposed  by  Baeyer.'  An  upright  condenser  is  fixed  to  a  litet 
fiask  by  means  of  a  wide  tube,  the  upper  end  of  which  is 
connected  with  a  T-tube,  so  that  the  materials  can  be  brought 
in  by  the  one  limb  whilst  tbe  hydriodic  acid  formed  can  escape 
by  the  other.  200  grams  of  hydriodic  acid,  having  a  boiling 
point  of  127*,  are  brought  into  the  ftask,  and  to  this  50  grams 
of  iodoform  are  added,  and  the  mixture  is  then  heated  to  the 
boiling  point,  and  phosphorus  added  little  by  little  until  no 
further  evolution  of  iodine  takes  place.  Then  100  gmms  of 
iodoform  and  the  necessary  quantity  of  phosphorus  are 
added  alternately.  The  formation  of  the  di-iodomethane  is  ex- 
plained by  the  following  reaction  ; 

CHI,  +  HI  =  CHjI,  +  I^. 

Di-iodomethane  is  a  yellowish  strongly  refracting  liquid,  boiling 
with  partial  decomposition,  at  181',  solidifying  to  glistening 
tablets  at  2°,  and  possessii^  a  specific  gravity  at  5°  of  3342. 

175  Tri-iodomeikane  or  Iodoform,  CHIj.  This  compound 
was  discovered  by  Senillas^  in  1822  and  termed  by  him 
"  carbide  d'iode."  It  is  to  Dumas*  that  we  are  indebted  for  first 
pointing  out  that  this  compound  contains  hydrogen.  There  is. 
no  substance  in  which  the  hydrogen  can  be  so  readily  overlooked 
as  in  this,  for  iodoform  of  all  known  compounds  contains  the 
relatively  smallest  quantity  of  this  element,  namely  0'2C  per 
cent. 

Iodoform  is  formed  by  the  action  of  iodine  upon  alcohol  in 
presence  of  the  caustic  alkalis  or  their  carbonates.  Instead  (^ 
alcohol  a  number  of  other  substances  may  be  used ;  these  will 
be  mentioned  hereafter.  A  number  of  processes  are  given  for  its 
preparation ;  the  following,  recommended  by  Filhol,*  is  usually 
employed.  Two  parts  of  crystallized  carbonate  of  soda  are 
dissolved  in  ten  parts  of  water,  one  part  of  alcohol  poured  into 
the  solution,  and  then  one  part  of  iodine  gradually  added  to 
the  liquid  heated  to  60°-80°,  when  iodoform  gradually  begins  to 
sepamte  out  The  Uquid  is  filtered,  and  the  above  mentioned 
quantity  of  carbonate  of  soda  again  added  to  tbe  filtrate  heated 
to  80°.  Chlorine  is  then  passed  into  the  liquid,  which  is  shaken 
from  time  to  time,  the  object  being  to  decompose  the  iodide  of 

72  ;  zxT.  311 ;  xxnix.  230. 
*  Joum,  Pharm.  y'u.  207. 
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sodium  which  ia  formed,  and  to  obtain  the  iodine  in  a  finely 
divided  state.  When  no  more  iodoform  separates  out,  the 
current  of  chlorine  is  stopped,  the  liquid  allowed  to  stand  until 
it  becomes  colourless,  and  theo,  on  coolisg,  the  iodoform  collected 
on  a  filter  and  waflhod  with  cold  water. 

A  good  yield  is  also  obtained  by  warming  together  the 
foUowii^  constituents  until  the  liquid  becomes  colourless: 
iodine,  32  parts;  potassium  carbonate,  32  parts;  95  per  cent, 
alcohol,  16  parts ;  water  80  parts.  The  liquid  is  then  poured 
off  &om  the  iodoform  which  is  deposited,  and  the  following  is 
added  to  the  liquid :  potassium  diohromate  2  to  3  parts,  hydro- 
chloric acid  IC  to  24  parts.  This  serves  to  decompose  tl:e 
iodate  and  iodide  and  to  liberate  iodine.  The  whole  is  then 
neutralized  by  the  addition  of  32  ports  of  carbonate  of  soda,  6 
parts  of  iodine,  and  16  parts  of  alcohol,  the  liquid  again  poured 
off  from  the  iodoform,  and  these  operations  repeated  until  the 
liquid  contains  too  large  a  quantity  of  salt  in  solution.^  The 
formation  of  iodoform  is  represented  by  the  following  equation : 

CH,.CH,.OH  +  41,  +  6K0H  =  CHI,  +  CHKO,  +  SKI  +  5H,0. 

In  addition  to  this,  other  products  are  formed,  such  as  potas- 
sium iodate,  acetic  ether,  &c. 

Iodoform  is  insoluble  in  water,  but  dissolves  readily  in  alcohol, 
crystallizing  from  this  menstruum  in  large  lemon-yellow  bright 
six-sided  tables  which  melt  at  119°  and  sublime  when  strongly 
heated,  undergoing  partial  decomposition  with  formation  of  iodine 
vapours.  It  may,  however,  be  volatilized  withoat  decomposition 
in  a  current  of  steam.  It  possesses  a  safFron-like  smell,  and  a 
sweet  taste.  In  the  pure  state  it  does  not  undei^o  alteration  on 
exposure  to  light,  but  its  solution  in  bisulphide  of  carbon  is  ex- 
cessively sensitive  to  light,  quickly  becoming  coloured  violet 
owing  to  separation  of  free  iodine.* 

It  has  already  been  mentioned  that  many  other  bodies,  in 
addition  to  alcohol,  yield  iodoform.  Amongst  the  simpler  of 
these,  ethyl  ether  and  acetic  acid  have  frequently  been  classed, 
Lieben,'  in  a  very  complete  series  of  experiments,  has,  how- 
ever, shown  that  these  substances,  if  perfectly  pure,  do  not 
yield  the  slightest  trace  of  iodoform.  On  the  other  hand,  the 
normal  primary  and  secondary  alcohols  as  well  as  their  aldehydes 

*  ^  narm.  Jmim.  Tram.  [3],  it,  SOS. 

*  HamVrt,  J-ntrn.  Fharm.  Chim.  [3],  xxix.  B53. 

*  .^nii.  Clum,  Pliarm.  SappL  lil.  218  ud  377. 
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and  ketonea  all  yield  iodoform,  but  their  isomeiides  do  not 
Hence  the  formatioa  of  iodoform  servos  as  an  excellent  means 
in  many  cssea  for  ascertaining  the  purity  of  tJiese  bodies,  and 
also  as  a  test  for  their  presence  even  in  very  small  traces. 
Thus,  for  example,  if  water  containing  only^^th  part  of  alcohol 
be  gently  warmed  with  crystals  of  iodino,  and  then  caustic  soda 
added,  and  the  liquid  allowed  to  stand  for  some  time,  a  distinct 
preci|Utate  is  observed,  and  this  when  examined  under  a  micro- 
scope exhibits  the  six-sided  tablets  or  stellar  crystals  chaiacteiistic 
of  iodoform. 

Iodoform  possesses  anEesthetic  properties,  acting  especially  on 
the  muscles.  It  is  used  as  a  medicine  and  has  been  employed  for 
outward  application,  especially  in  cases  of  cancer. 

Chioriodoform,  CHICl^  is  a  yellow  oily  liquid,  boiling  at  131', 
obtained  by  heating  iodoform  with  the  chlorides  of  lead,  mercury 
or  tin. 

Tetra-iodomtlhane  or  Carbon  Tetrit-iodide,  CI^,  was  obtained 
by  Gustavson '  by  acting  on  aluminium  iodide  with  tetrachlor- 
metbane  in  presence  of  carbon  disulpbide.  It  crystallizes  in 
large  regular  octohedrons,  which  decompose  slowly  in  the  air 
at  the  ordinary  temperature,  but  quickly  at  100°,  into  iodine 
and  carbon. 

176  Chiomitromeihane,  CH,C!(NOj).  To  prepare  this  com- 
pound, sodium  nitromethane  is  brought  in  small  quantities  into 
saturated  chlorine  water,  and  when  no  further  s^tion  takes  place 
the  mixture  ia  distilled.  It  is  a  colourless  oily  liquid,  having 
a  penetrating  smell,  boiling  at  122'-I23'',  and  possessing  a 
specific  gravity  at  16°  of  1*466.  It  easily  dissolves  in  alkalis, 
and  gives  the  nitrolic  acid  reaction  like  other  primary  nitro- 
compounds (see  p.  171).* 

177  TriehlomiiroTtutkant,  NUrochioToform,  or  C/iloropicrin, 
CCI((NO^,  was  discovered  by  Stenhouse,*  who  obtained  it  by 
distilling  an  aqueous  solution  of  picric  acid  (trinitrophenol), 
C,Hj(NO^|.OH,  with  bleaching  powder.  Its  correct  composition 
was  first  recognised  by  Oerhardt.*  Chloropicrin  is  also  formed 
by  a  similar  reaction  &om  many  other  aromatic  nitro-compounds, 
and  may  also  be  prepared  as  Qeisse  '  has  shown,  by  the  following 
reactions: 

*  (^BipL  Beitd.  IzzriiL  883. 

*  TuheniUk,  Ber.  Dvuttck.  CKsm.  Ot*.  viii  SOS. 

*  mi.  Uag.  [Z\.  jKxiii.  63. 

*  CoMpl.  Send.   Trav.  Chim.  18B0,  Bi. 
■  AntL  Chem.  rharm.  cii.  SSS. 
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(1)  Chloral  (triclilomcetaldehyde)  ia  distilled  with  fuming 
nitric  acid : 

CC1,.C0H  +  3H0.no,  =  CCIjCNO,)  +  2H,0  +  COj+N,0,. 

(2)  Methyl  alcohol  is  heated  'with  nitre,  common  salt,  aud 
aulphtiric  acid : 

CHjOH  +  NOyOH  +  201,  =  CCI,(NOj)  +  2H,0  +  HCl. 

(3)  Alcohol  and  common  salt  are  distilled  with  nitric  acid. 

It  is  likewise  obtained,  though  with  greater  difficulty,  by 
heating  chloroform  with  concentrated  nitric  acid  :  * 

CHCl,  +  NOrOH  -  C(N0^C1,  +  H,0. 

According  to  Hofmann '  the  following  is  a  useful  method  of 
preparation :  50  kilos  of  freshly-prepared  bleaching-powder  are 
mixed  to  a  thick  paste  with  cold  water  and  placed  in  a  still 
surrounded  by  cold  water.  To  this,  a  saturated  solution  of 
43  kilos  of  picric  acid  heated  to  30°  is  added.  After  a  few 
minutes  a  violent  reaction  takes  place,  and  the  greater  part  of 
the  chloropicrin  distils  over.  The  remainder  is  driven  off  by 
heating  the  still. 

Chloropicrin  is  a  mobile  liquid,  boiling  at  113°,  having  a 
specific  gravity  of  l'66o7,  and  possessing  a  very  penetrating 
smell  resembling  that  of  chloride  of  cyanogen.  Its  vapour 
acts  poweriiilly  on  the  eyes  and  mucous  membranes,  hut  the 
irritation  does  not  last  long.  Heated  tn  the  form  of  vapour  it 
decorapo^s  with  explosion.  It  is  insoluble  in  alkalis,  and  is 
not  attacked  by  sulphuric  or  nitric  acid  even  when  boiled. 
VrlieQ  treated  with  iron  filings  and  acetic  acid  it  is  converted 
into  methylamine : 

CCla(NO^  +  6H,  -  CHg(NH^  +  3  HCl  +  2H,0. 

Heated  nith  ammonia  under  pressure  it  yields  guanidine* 
(Vol.  I.  p  680): 

CCNO^CIj  +  7  NHj  -  C(NH)(NHJ,  +  3  NHp  +  2  H,0  +  N^ 

DicMordinUromethane,  CC1,(N0^^  was  discovered  by  Mari- 
gnac,*  who  obtained  it  by  dutilling  naphthalene  tetrachloride, 

■  Mills,  Jotcrn.  Chan.  Soc.  ixiT.  641  ;  Cotm,  Oca,  Chim.  Tlal  lgT2,  131. 

■  Cham.  Soe.  Joum.  lii.  2(0. 

■  Hofmann,  Ber.  DaUtck.  Chan.  Qa.  i.  145. 
'  Ann.  Chem,  Pharm.  zzzTiiL  11. 


„Gooi^le 


TBINIXBOMBTHANE  OB  NITBOFOBM.  263 

Cjo^Cl^,  with  concentrated  nitric  acid,  and  hence  it  vae 
fbnnerly  known  ba  "Marignac's  oil."  It  is  a  colourless  liquid, 
mniftlling  like  chloropicrin,  and  having  a  specific  gravity  at  16° 
of  1*685.     It  is  easily  volatilized  in  a  current  of  steam. 

MonobromnitromethaTU,  CH,Br(KOj),  is  formed  by  the  action 
of  bromine  on  aodium-nitromethane.  It  is  a  colourless,  very 
strongly-smelling  liquid,  boiling  at  li&'-14T',  and  is  soluble  in 

IHbromniiromethajie,  CHBr,(NOj),  is  obtained  by  the  actioQ  of 
luromine  upon  a  freshly-prepared  solution  of  the  foregoing  com- 
pound. It  is  an  oily,  atrongly-smelling  liquid,  which  decompoees 
on  distillation,  and  possesses  acid  properties.' 

TrSnvmniirottuthane  or  Sromopurin,  CBr,(NOj),  was  obtained 
by  Stenhouse  *  by  distilling  a  solution  of  picric  acid  with  bromide 
of  lime.  It  is  also  formed  when  uitro-methane  is  txeated  alter- 
nately with  bromine  and  caustic  potash.'  It  is  a  liquid  closely 
resembling  chloropicrin,  and  when  strongly  cooled  forms  prismatic 
crystals,  melting  at  10°'25,  Its  specific  gravity  at  12°'5  is 2811. 
It  may  be  distilled  in  a  vacuum  without  decomposition,  but 
decompoees  even  when  carefully  warmed  under  the  ordinary 
circumstances  with  formation  of  tetrabrommethane,  carbon 
dioxide,  the  oxides  of  nitrt^n,  and  other  bodies.* 

ChioTdihromnilromethatu,  CClBrj(NOj),  is  obtained  when 
chlomitromethane  is  dissolved  in  caustic  potash  and  bromine 
added.  It  is  a  liquid  possessing  a  similar  smell  to  chloropicrin, 
having  at  15°  a  specific  gravity  of  2421,  and  being  volatile  in 
a  current  of  steam.' 

J78  JHnt/rom«iAam«  or  ift(r^oj-m,  CH(NOg)j,  was  discovered 
by  Schischkoff"  in  1857,  who  prepared  it  by  heating  trinitro- 
acetouitril  with  water.  This  substance  dissolves  with  violent 
evolution  of  carbon  dioxide,  and  the  yellow  solution  contains 
the  ammonium  salt  of  triuitromethaoe : 

{  cS"^*^'  +  2  HjO  =  C(NO^,NH,  +  CO, 

Under  certain  conditions,  which  are  not  well  understood,  this 
action  of  water  on  trinitroacetonitril  may  be  accompanied  by 

I  Ticlisniiak,  Bar.  Deubch.  Chtm,  Qa,  viL  BIS. 
'  Fkil  Mag.  [*\  -riii.  36. 

*  T.  Hejrer,  £«r.  Dtuiaek.  Chan.  Oa.  Tiii.  Slfl, 

*  Boiu  uid  QroTM,  Joum.  Chan,.  Sac.  zziil.  163  ;  ziIt.  773. 

*  Ticbeniuk,  Ser.  Dtuitch.  Ghaa.  OtM,  viii.  908. 

*  Aim.  Cheta,  Pkantt.  d.  SIS ;  diL  361 ;  cxix.  217. 
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serious  ezplosioQs.^  On  evaponition  the  saJt  separates  out  in 
yellow  monoclinic  prisms.  If  dilute  caustic  potash  be  used 
instead  of  water,  the  yellow  orystalline  potassium  salt  is  ob- 
tained ;  and  if  aalphurio  acid  be  added  to  any  of  tbeee  ealtst 
nitroform  separates  out  in  a  liquid  layer,  which  on  cooling 
solidifies  to  a  mass  of  la^e  oblique  crystals.  It  has  a  bitter 
taste  and  disagreeable  smell,  is  very  inflammaUe,  and  when 
warmed  begins  to  decompose  under  100*  with  rapid  evolution 
of  gas,  exploding  violently  when  quickly  heated.  Its  yellow 
salte  are  also  explosive,  and  frequently  decompose  sponteneously 
with  evolution  of  gas. 

When  a  mixture  of  nitroform  and  bromine  is  exposed  to  Bon- 
light,  bromnitro/orm,  C(NOj)jBr,  ia  formed  as  a  colourless  liquid, 
which  crystallizes  at  IS*  and  ia  decomposed  at  140*,  but  may  be 
volatilized  in  a  current  of  steam. 

Tetranitromethane,  C(NOj)^  is  formed  when  a  contiauoiis 
current  of  air  is  passed  through  a  mixture  of  nitroform,  con- 
centrated sulphuric  add,  and  nitric  acid  heated  to  100°.  On 
addition  of  water  to  the  distillate,  this  compound  separates  out 
as  a  colourless  mobile  liquid,  which  ciystallizes  at  13°,  boils  at 
126°,  and  is  neither  explosive  nor  inflajamable.  If,  however,  it 
be  dropped  on  to  glowing  charcoal  it  bums  with  a  bright  flash. 

179  MeiheM  Disutphonie  Acid,CH^SOfH)^  This  compound, 
which  was  formerly  called  methionic  acid,  was  first  prepared  by 
Liebig,*  together  with  other  products,  by  the  action  of  sulphur 
trioxide  on  ether.  Buckton  and  Hofmann'  obtained  it  by 
treating  acetonitril  (methyl  cyanide)  with  concentrated  snlphoric 
acid,  acetic  acid,  carbon  dioxide  and  ammonia  being  formed 
at  the  same  time.  It  may  also  be  obtained  from  sulphoocetic 
acid,  acetamide,  and  lactic  acid,  and  also  by  heating  chloroform 
with  a  solution  of  potassium  sulphite.'  In  this  case,  methene 
dichloride  is  first  formed,  which  is  then  converted  into  potasaiuin 
methene  disulphonate : 

(«)  aCHCI,  +  ZE^t  +  H,0  =  2CH,C1,  +  2M0,  +  2Ka  +  80^ 
(b)  CH,C1,  +  2  E,SO,  =>  CHi(aOiE),  +  S  KCl. 

The  free  acid  iB  best  prepared  by  the  action  of  sulphuretted  hy- 
drogen on  an  aqueous  solution  of  the  lead  salt     On  evaporation 

*  T.  Herar,  Btr.  AmteA.  Ohim.  Oa.  tiL  17U. 

*  jtiut.  j'Sarm.  zuL  K, 

*  <A«M.  Soc  Jeur*.  ix.  2il. 

*  StMoktv,  ^iHi.  Ckem,  Pkam,  oUtuL  W. 
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in  a  faeaom  it  may  be  obtained  in  the  form  of  a  deliqaeacent 
striated  ciystaUine  maaa.  It  ie  a  very  sbong  acid,  and  forms  a 
eeries  of  well  cryatallizabla  salts, 

Metkine  TrigtUphonic  Acid,  CH(S0,H)3,  is  formed  when  dry 
caloium  methyl  sulphate  is  heated  to  100°  with  a  laige  ezcesB  of 
fomiBg  sulphuric  acid.  The  free  acid  is  obtained  by  decompos- 
ing the  lead  salt  with  sulphuretted  hydix^n ;  it  forms  long 
deliquescent  colourlesa  needles,  and  is  a  tribasic  acid.  .  It  deoom- 
poses  chlorides  and  nitrates,  and  forms  well  ciystallizable  salts. 

Prfosrium  itelkine'  Trisulphonaie,  CH(S03K),,  crystallizes  in 
small  hard  glistening  prisms,  and  ia  formed  when  chloropicrin  ia 
heated  with  a  concentrated  solution  of  potaseium  sulphite.  As 
an  intennediate  product  potasrium.  niiro-methene  disiUpkotuUe, 
CH(NO^(SOjE)j  is  formed  as  a  cryatalline  slightly  soluUe 
powder  which  deflf^rates  on  heating.^ 

Sarium  Metkine  Trisuiphonate,  [CK(SO^J,Bag,  ciy'staUizes 
&om  boiling  water  in  glistening  tablets.  Its  solution  throws 
down  the  insoluble  lead  salt  &om  a  solution  of  acetate  of  lead.' 

MeihyUmereaplan  Trisulpkonie  Acid.  C(gOi^gSH.  If  W- 
sidphide  of  carbon  be  treated'  with  manganese  dioxide  and 
hydrochloric  acid;  a  reaction  takes  place  which  becomes  more 
rapid  on  the  addition  of  a  small  quantity  of  iodine ;  and  besides 
thiwaubonyl  chloride,  CSCl,,  and  trichlor-methyl  sulphonic 
chloride,  CClySOjCl,  the  compound,  perchlor-melhpl  mercap- 
tan,  CCI3.SCI,  is  formed.  This  latter  compound  is  a  golden 
yellow,  very  poweriiilly-smelling  liquid,  boiling  at  &om  146*  to 
147°.*  It  acts  on  an  aqueous  sokition  of  potassium  sulphite 
giving  rise  to  the  salt  C(SO^),SH,  which  forma  large,  hard, 
coloorless  triclinic  crystals.  The  same  salt  is  formed  by  the 
action  of  potassium  Bul[diite  on  thiocarbonyl  chloride : 

CSCI,  +  3  K,SO,  +  H,0  =.  C(SOjK)jSH  +  2  KCl  +  KOR 

It  gives  a  white  precipitate  with  basic  lead  acetate,  &om 
whidi  the  free  acid  can  be  obtained  by  treatment .  with  sul- 
phnretted  hydrogen.  In  a  concentrated  state  this  forms  a 
thick  very  deliquescent  syrupy  Its  dilute  solution  gives  a  deep 
bine'  coloration  with  ferric  chloride.  The  free  acid  and  its 
salts  are  readily  decomposed  in  presence  of  water,  with  fonna- 
tioQ  of  sulphuric  acid  and   mUkyl'-mercaptan-diauiphonic  aeid, 

1  B«tltk»,  Aim.  Clum.  Pham.  cUL  1M ;  cIetu.  21G. 
*  Theilknhl,  Afot.  Chein.  Pharvi.  ezlTii.  IM. 
■  Bmtiiks,  Btr.  DmttA.  Chtm.  Ot*.  Ui.  858. 


)vGooi^lc 


M6  'tSR  PORHTL  OBOUP. 

CH(SO,H),SH.  This  fbims  crystaUizable  ealtB,  uid  in  a  dibasic 
acid.  The  hydrogea  which  is  combined  with  the  sulphur  can, 
however,  be  replaced  b^  metals  poBSeaBing  a  strong  affinity  for 
sulphur,  such  as  lead.  This  is  not  the  case  with  the  trisul- 
^onic  acid.  By  the  action  of  nitric  acid  on  the  potassium 
salt  of  the  latter  compound  potassium  methyl  oxytrisulphonate, 
C(SO,K)gOH,  is  formed,  crystallizing  in  strongly  refracting 
monoclinic  prisma  The  free  acid  i»  a  deliqueace&t  mass,  and 
the  salts  crystallize  well.* 


THE  FORMYL   GROUP. 

FoBiac  Aldkhtdb,  COH^ 

iBo  This  interesting  body  may  be  regarded  as  the  aldehyde 
and  K^Uipe  of  formic  acid,  or  as  the  oxide  of  the  dyad  radical 
methene.  Uany  attempts  to  prepare  this  substance  hare  been 
unsuccessfully  made,  inasmuch  as  the  ozidizii^  agents  usually 
employed  for  the  preparation  of  aldehydes  yield  at  once  formic 
acid.  Hofmann  was  the  first,  in  1867,  to  succeed  in  pre- 
paring the  substance  by  passing  the  vapour  of  methyl  alcohol 
together  with  air  over  ignited  platinum.  For  this  purpose  he 
employed  the  following  apparatus.  A  three-necked  flask  of 
about  two  liters  capadty  is  filled  about  five  cm.  high  with 
warm  methyl  alcohuL  One  of  the  necks  of  the  Bask  ia 
furnished  with  a  cork,  and  a  tube  which  passes  to  the  surface 
(^  the  liquid.  The  other  necks  are  furnished  with  open  glass 
tubes ;  the  middle  one  carries  a  spiral  of  platinum  wire  fastened 
to  a  loosely-fitting  cork,  the  spiral  being  brought  nearly  to  the 
surface  of  the  methyl  alcohol.  The  third  opening  is  connected 
with  the  upper  end  of  ihe  condenser,  the  lower  end  of  which  is 
bstened  into  a  two-necked  receiver;  this  receiver  is  in  its  turn 
comiected  with  a  series  of  wash-bottles,  and  the  last  of  these 
communicates  with  a  water-jet  aspirator,  by  which  a  rapid  current 
of  air  can  be  drawn  through  the  whole  system.  The  platinum 
spiral  is  next  heated  and  lowered  into  the  bottle,  when  the 
flameless  combustion  of  the  methyl  alcohol  begins  to  maoifest 
itself  by  the  evolution  of  vapour  powerfully  affectiitg  the  nose 
and  eyes.  Gradually  the  temperature  of  the  apparatus  rises 
and  drops  of  a  colourless  liquid   are   soon  condensed  in  the 

>  Allmcht,  Ann,  Chtm.  ittann.  cliL  139.  ■  Pnc  Bof.  Hoc  xvi.  IH. 
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receiver,  and  if  the  apparatus  be  properly  oonstnicted  a  solution 
of  aldehyde  in  dilute  methyl  alcohol  is  obtained 
whilst  the  portion  which  Is  not  collected  here 
passes  into  the  wash-bottles.  At  the  begninnig 
of  the  experiment  a  sharp  explosion  sometimes 
takes  place,  which  drives  the  cork  with  the 
spiral  out  of  the  bottle.  In  order  to  prevent 
this,  an  improved  apparatus  has  been  suggested 
by  Volhard.'  This  consists  of  a  Davy's  glow- 
lamp  shown  in  Fig.  67,  filled  with  methyl 
alcohol,  over  which  a  funnel  is  placed  connected  _      g. 

with  a  condenser  as  before.     A  stream  of  air 
can   now  be  regulated  so  that  the  ignition  of  the  platinum 
spiral  is  not  visible  in  the  daylight 

The  solution  of  aldehyde,  prepared  by  one  or  other  of  these 
means,  only  contains  about  1  per  cent,  of  formic  aldehyde.  In 
order  to  prepare  a  more  concentrated  solution,  a  regulated 
mixture  of  air  and  methyl  alcohol  vapour  is  passed  through  a 
tolerably  wide  platinum  tube  containing  a  bundle  of  fine 
platinum  wires.  By  gently  heating  this,  a  current  of  formic 
aldehyde  is  obtained.  This  can  be  condensed  to  a  liquid,  which 
however  does  not  contain  more  than  5  per  cenl  of  aldehyde ; 
bnt  this  apparatus  when  in  proper  action  may  be  kept  going 
for  several  months  without  intermission.  If  the  methyl  alcohol 
be  driven  out  of  the  solution  by  distillation  a  certain  amount  of 
aldehyde  passes  over  with  it.  A  better  plan  is  to  expose  the 
residaal  liquid  repeatedly  to  a  freezing  mixture,  the  ice  formed 
being  each  time  removed ;  the  residual  liquid  contains  10  per 
cent  of  formic  aldehyde* 

A  solution  of  formic  aldehyde  possesses  a  very  penetrating 
smell,  and  when  warmed  with  ammoniacal  silver  solution,  a 
mirror-like  deposit  of  metallic  silver  is  formed.  Ammonium 
formate  is  in  this  case  produced.  Up  to  the  present  time  the 
separation  of  the  aldehyde  firom  its  solution  has  not  {»t)ved 
possible.  If  it  be  evaporated  in  a  vacuum  over  sulphuric  acid, 
part  of  the  aldehyde  passes  into  the  state  of  vapour  with  the 
water,  whilst  another  portion  assumes  a  polymeric  modification.' 

]8i  Paraformaldehydt,  C^H,Oy  has  been  known  for  some 
time,  and  was  first  obtained  by  Butlerow,*  by  actii^  on  silver 

1  Alt*.  Chan.  Pharm.  elxxri  128. 

1  HoAnuD,  Btr.  Dmlacli.  Cktm..  Qtt.  si.  1685.  *  JMt,  iL  1S2. 

*  Ato^  Chant.  Fharm.  ciL  SIS. 
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loaUte  with  methene  di-iodide,  and  wm  described  as  diaxy- 
melhylene: 

3  CH,T,  +  3  AgjCjO.  =  C.HjO,  +  6  Agl  +  3  CO,  +  3  CO. 
This  substance  is,  however,  beat  prepared  by  heating  glycollic 
acid  with  sulphuric  acid  to  150°,  when  it  sublimes : 

3  CH,(On)CO.OH  -  3  C,H,0,  +  3  CO  +  3  H,0. 

Paraformaldehyde  is  a  white  indistinctly  crystalline  body, 
which  is  insoluble  in  water,  alcohol,  and  ether.  It  possesses  no 
smell  and  sublimes  at  100",  melting,  however,  at  152°.  Heated 
more  strongly  it  dissociates  into  three  molecules  of  formic  alde- 
hyde, the  irritating  smell  of  the  gas  being  at  once  perceived. 
If  this  gafl  be  collected  over  mercury  and  allowed  to  coot,  it 
gradually  disaj^tears  with  formation  of  the  tfimolecular  foim. 

When  paraformaldehyde  is  heated  with  much  water  in  a 
closed  tube  to  130°-150°  it  entera  into  solution  i^ain,  splitting 
up  into  the  simpler  molecule.  This  solution  does  not  under- 
go change  in  absence  of  air,  probably  because  the  aldehyde 
is  combined  with  water,  methylene  alcohol,  CB^OH)^  being 
formed. 

.  Paraihiofitnnaldthi/de,  CjHgS^  was  first  described  by  Girard,' 
who  obtained  it  by  the  action  of  nascent  hydrogen  on  carbon 
disulphide.  It  has  likewise  been  prepared  by  heating  methene 
di-iodide  with  sodium  sulphide,'  as  well  as  by  treaUng  the 
solution  of  formaldehyde  or  the  para-compound  with  sul- 
phuretted hydrogen,  and  then  heating  with  hydrochloric  acid. 
It  is  abso  formed  by  treating  thiocyanic  acid  with  nascent 
hydn^[en:* 

CH, 

A 

SSCNH  +  6H,  =        [     I        +  3NH^ 

S 
This  compound  crystallizes  in  a  shinit^  white  crystalline  mass 
which  melti  at  216°.  It  combines  with  silver  nitrate  to  form 
the  crystalline  compounds  C,H,Sj  -|-  AgNO,  and  CgH^Sj  + 
3AgN0„  whilst  with  platinic  chloride  it  forme  yellow  needles 
of  2  C,H,Sj  +  PtCV 
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FORMIC  ACID, 

163  In  the  sixteenth  centui;  Brunfels,  and  at  the  beginniiig 
of  the  seventeenth  Baukin,  noticed  that  red  ante  Lave  the 
power  of  emitting  an  acid  liquid  which  turns  vegetable  blue 
colours  red.  Formic  acid  was  first  obtained  b;  John  Raj 
ia  1670,  by  distilling  red  ants,  and  he  observed  that  this 
substance  has  the  power  of  {bmiing  with  white  lead  a  kind 
of  sugar  of  lead,  which,  like  ordinary  sugar  of  lead,  pos- 
sesses an  astringent  taste.  Hence  be  concluded  that  the  acid 
in  question  is  similar  to  acetic  acid.^  About  the  same  time 
a  Gennan  chemist,  Samuel  Fischer,  is  said  to  have  pre- 
pared formic  acid.  These  observations  were  confirmed  by 
Hiame,  Homberg,  and  Mar^raf,  the  latter  of  whom  found  that 
this  acid  does  not  precipitate  the  salts  of  silver,  lead  and 
mercury,  or  nitrate  of  lime,  and  be  adds  that  this  shows  that  it 
is  neither  hydrochloric  acid  nor  vitriolic  acid,  Colz  of  silver 
however  dissolves  in  it^  and  calx  of  mercury  on  beii^  warmed 
with  it  yields  metallic  mercury.'  From  this  time  forward,  the 
add  compound  obtained  from  ants  was  looked  upon  as  a 
peculiar  acid.  Arvedson  and  Oehm  described  the  acid  and  ite 
salts  more  exactly  in  a  Ditaertatio  dt  acido  formicanun  in  1777, 
bat  even  in  180S  it  was  stated  by  Fourcroy  and  Vauquelin  -that 
it  was  simply  a  mixture  of  acetic  acid  and  malic  acid.  This 
statement  was  however  contradicted  by  Suersen  in  1805  and  by 
Qefalen  in  1810. 

In  addition  to  its  occurrence  in  ants,  this  acid  is  also  found  in 
bodies  of  a  caterpillar  {Bombyx  processioTua),  in  common  stingii^ 
nettles,  in  the  fruit  of  the  soapnut-tree  (Sapindvs  gapmiarkC),  in 
tamarinds,  and  in  sboots  of  various  pines.  It  also  occurs  in  small 
quantity  in  various  animal  liquids,  as  sweat,  urine,  the  juice  of 
muscle,  &C.  It  is  remarkable  that  this  substance  occurs  together 
with  oth^  fatty  acids  in  the  putrefaction  of  diabetic  urine,  and 
that  it  occurs  ti^etber  with  acetic  acid  and  other  homologues  in 
small  quantities  in  varions  natural  mineral  waters.  It  is  likewise 
produced  in  the  dry  distillation  of  various  organic  substances, 
as  well  as  by  the  oxidation  of  a  large  number  of  such  bodies. 

In  his  investigation  aa  manganese  in  1774  Scheele  remarks 

1  no.  Tram*.  WO,  Ju.  13.  >  Berlin  Atad.  17t9. 
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that  when  a  mixture  of  thia  Bubstance  and  sulphuric  acid  is 
heated  with  sugar  or  gum  an  acid  vapour  is  evolved  which  when 
collected  in  a  receiver  tarns  out  to  be  vinegar.  Westrumb  then 
mentions  in  1785  that  acetic  acid  is  produced  by  the  depblo- 
gistication  of  tartaric  acid  b;  means  of  oiide  of  manganese, 
upon  which  D&hereiner  in  1822  showed  that  the  acid  produced 
in  this  reaction  is  really  formic  acid.  This  observatioD  gave  rise 
to  the  process  for  its  artificial  production. 

Starch  was  found  to  be  the  best  material  for  the  preparatioa 
of  this  acid,  and,  according  to  Liebig's  receipt,  100  parts  of 
starch,  370  parts  of  finely-divided  oxide  of  manganese,  and  300 
parts  of  water  are  mixed  together,  and  300  parts  of  concen- 
trated sulphuric  acid  added  to  the  mixture  whilst  it  ia  being 
stirred.  By  careful  distillation  the  strongly  frothing  mixture 
yields  about  335  parts  of  dilute  formic  acid,  of  which  100  parts 
saturate  15  parts  of  dry  carbonate  of  sodiuro.  This  method,  how- 
ever, as  well  as  other  similar  processes  are  now  no  longer  used, 
formic  acid  being  always  prepared  from  oxalic  acid,  which,  when 
heated,  splits  up  directly  into  carbon  dioxide  and  formic  acid : 

Oerhardt  found  that,  when  oxalic  acid  ia  mixed  with  fine 
quartz  sand,  a  better  yield  of  formic  acid  is  obtained,  but  even 
in  this  case,  and  especially  when  the  oxalic  acid  ia  heated 
alone,  a  large  quantity  of  oxalic  acid  passes  over  undecom- 
posed,  whilst  a  part  of  the  formic  acid  decomposes  with 
formation  of  carbon  monoxide  and  water.  On  the  other  hand, 
the  above  reaction  takes  place  much  more  completely  if  the 
oxalic  acid  be  carefully  heated  with  glycerin.  On  this  observa- 
tion Berthelot  has  founded  a  method  which  now  has  come  into 
general  use  for  the  preparation  of  formic  acid,  the  details  of  the 
process  having  been  carefully  worked  out  by  Lorin.  According 
to  this  method,  anhydrous  glycerin  is  gradually  heated  with 
crystallized  oxalic  acid  to  a  temperature  of  75'-90'  until  the 
whole  of  the  carbon  dioxide  has  been  evolved.  Oxalic  acid  is 
again  added  and  the  mixture  heated  as  before,  this  process 
being  capable  of  repetition  for  any  number  of  times.  At  the 
b^inning  of  the  reaction  very  dilute  formic  acid  passes  over, 
and  this  becomes  stronger  ou  each  addition  of  oxahc  acid  until 
at  last  a  liquid  containing  56  per  cent,  of  the  acid  distils  over. 
Crystallized  oxalic  acid,  C^HjO^+SHjO,  first  decomposes  into 
water,  carbon  dioxide,  and  formic  add,  which  in  the  nascent 
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state  acts  upon  the  glycerin,  C,Hj(OH)j,  witli  formation  of 
monoformjl  ether  or  monoformin : 

fOH  fOH 

c,H J  OH   +   COH.OH   =   anJ  OH      +  H,0. 
[oh  Locoh 

If  oxalic  acid  be  again  added,  the  water  of  ciystalUzatioQ 
decomposes  a  part  of  this  ether  with  formation  of  formic  acid 
and  glycerin,  but,  at  the  same  time,  a  fresh  quantity  of  the 
etber  is  produced,  and  this  continues  until  the  liquid  is 
saturated  with  monoformin,  at  which  point  both  reactions 
take  place  simultaneously,  and  the  acid  of  the  above  strength 
distils  over.  If  anhydrous  oxaJic  acid  be  employed,  the 
reacUcm  b^pns  at  50^  and  is  accompanied  by  violent  frothing ;  a 
dilute  acid  first  distils  over,  trifbrmin,  CsHj(CHO^„  is  formed 
which  soon  saturates  the  liquid,  and  an  aqueous  formic  acid, 
containing  from  87  to  88  per  cent,  of  the  pure  acid,  distils 
over.  When,  however,  a  certain  quantity  of  oxalic  acid  has 
been  employed,  the  normal  reaction  does  not  hold  good. 

In  place  of  glycerin  many  other  polyatomic  alcohols  may  be 
employed  for  the  prepatation  of  formic  acid  froin  oxalic  acid.  ^ 

183  Synthesis  of  Formie  Acid.  The  various  methods  for  the 
synthetical  formation  of  formic  acid  are  of  great  theoretical 
interest. 

(1)  Berthelot  has  shown  that  it  is  formed  when  carbon  mon- 
oxide is  treated  with  caustic  potash  or  other  alkalis : 


CO  +  i}o  =  cof} 


This  reaction  requires  about  seventy  hours  to  complete  it  at  a 
temperature  of  100°,  whilst  it  is  completed  in  ten  hours  at  a 
temperature  of  220°.'  According  to  Merz  and  Tibirica,"  the 
action  proceeds  more  quickly  when  moist  carbon  dioxide  is 
passed  over  porous  soda-lime  loosely  arranged  in  iarg^  U-tubes, 
and  heated  to  about  200°  in  an  oil-bath.  Above  220°  decom- 
pontion  commences,  with  evolution  of  hydrogen  and  formation 
of  carbonate. 

(2)  When  moist  carbon  dioxide  (which  may  be  regarded  as 
carbonic  acid)  acts  upon  potassium  at  the  ordinary  temperature. 


1  Lerin,  Bull.  Soe.  Chim.  [3],  v.  l.li-.n.  341  ;  ziir.  S3 ud  iZt. 

*  Ann.  Chtm.  Pkarm.  xctu.  12S  ;  Compt.  Bend,  zli  GSt. 

*  Ser.  DeutuA.  CAon.  Ott.  x.  2117,  IbitL  xiiL  23. 
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a  mixture  of  potaa^tuu  carbonate  and  potassiuiu  fonaate  ia 
produced : ' 

2C0{0|  +  K,  =  C0{0g  +  00{§K  +  H,0. 

(3)  In  a  similar  way,  sodium  formate  is  produced  wbeti  a 
solution  of  carbonate  of  ununonia  is  treated  with  sodium 
amalgam.* 

(4)  If  carbon  disuli^ide  be  heated  with  water  and  iron  borings 
at  100°  ferrous  formate  is  produced,  together  with  sulphide  of 
iron,  carbon  dioxide,  and  other  bodies.* 

(5)  A  small  quantity  of  the  atnd  is  likewise  formed  bj  the 
direct  union  of  carbon  dioxide  and  hydrogen  under  the  influence 
of  the  silent  electric  discharge.  Thus,  if  the  electric  discbarge 
be  passed  through  the  mixed  gases  by  a  Siemens  induction- 
tube,  small  drops  of  an  acid  liquid  are  formed,  together  with 
carbon  monoxide  and  a  small  quantity  of  marsh  gas,  this  liquid 
exhibiting  the  characteristic  reactions  of  formic  acid.* 

(6)  Hydrocyanic  acid,  HON  (Vol  I.  p.  659),  is  the  nitril  of 
formic  acid,  and  therefore,  in  the  presence  of  alkalis  or  acids,  it 
easily  passes  into  the  latter  compound  by  absorption  of  water : 

HCN  +  2  H,0  +  HCl  =  HCO.OH  +  NH^Cl. 

(7)  Formic  acid  is  likewise  produced  when  chloroform  is 
heated  with  caustic  potash  : 

CHCl,  +  4K0H  -  3KC1  +  CHKO,  +  2H,0. 

184  PrepartUion  of  Anhydrous  Formie  Add.  In  order  to 
obtain  pure  anhydrous  formic  acid,  the  lead  salt  is  prepared  from 
the  dilute  acid,  and  this,  when  completely  dried,  is  brought  into 
a  vide  glass  tube  or  retort  and  dry  sulphuretted  hydrogen 
passed  over  it.  The  lead  salt  is  then  gently  heated  just 
to  the  point  at  which  the  acid  distils  over,  inasmuch  as  at 
higher  temperatures  disagreeably  smelling  sulphur  products  are 
formed."  Amongst  these  a  body  crystallizing  ia  colourless  needles 
is  obtained,  the  exact  nature  of  which  has  not  yet  been  properly 
ascertuned.'    The  distillate  thus  prepared  usually  contains  some 

>  Eolbe  Bad  Salimidt,  ^mt.  Chem.  t%iirm.  exix.  261. 

'  Msly,  PAW.  Mag.  [i],  iii.  880. 

■  Loaw.,  Ber.  DevlMk  Chen.  Oa.  ziii.  S24. 

*  Brodie,  Pne.  Eoy.  Sot.  xxi.  34S. 
'  Liebig,  Antt.  PAarm.  zrii.  66. 

*  WbhUr,  Ami.  Chan.  Pfiarm.  xca.  125  ;  lim^sdit,  Ibid.  xoTkL  SSI ;  Hont, 
^oum.  Chan.  Soe.  it.  278, 
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soIiJluntted  hydrogen,  and  this  can  be  best  got  rid  of  by  reoti- 
fioation  over  powdered  lead  fism&te  (Landcdt).  GiHicentrated 
fimnio  acid  may  also  be  obtained  by  distilling  the  anhydrous 
sodium  salt  with  anhydrous  oxalic  acid.* 

A  sbong  acid,  containing  77'6  per  cent,  may  be  (Stained  by 
simply  distilling  the  dilute  acid  obtuned  from  crystallized  oxalic 
add,  a  weaker  acid  passii^  over  first  If  anhydrous  oxalic  scid 
be  dissolved  in  this  wanned  acid,  it  takes  up  the  water,  and  then, 
when  the  cold  liquid  poured  off  &om  the  crystals  which  are 
separated  out  is  distilled,  an  almost  anhydrous  add  is  obtained, 
from  which,  as  well  as  frum  the  distillate  obtained  by  the  other 
methods,  pure  formic  add  can  be  obtained  by  cooling,  the 
aqueous  liquid  being  poured  off  from  the  aystals  of  fonnic  add 
which  are  dq>oaited  (Lorin), 

185  Properties. — Formic  add'  is  a  colourless,  slightly  inmii^ 
liquid,  possessing  a  penetrating  add  smell,  and  acting  so  power- 
fully on  the  skin  that  one  or  two  drops  produce  extreme  pain  and 
swelling,  leaving  a  white  blister,  which  afterwards  forms  a  painful 
wound.  The  dilute  acid  has  a  peculiar  acrid  smell,  and  a  purely 
acid  taste  (Liebig).  The  anhydrous  add  boils  at  99°-9,  and  at 
20*  has  a  spedfic  gravity  of  1-2211.*  The  vapour  density  at 
lir-5  is  2-38;  at  160",  ISl ;  and  at  214'.  1-62.*  At  a  low 
temperature  formic  add  solidifies  to  a  mass  of  crystals  which 
melt  at  S'-Q* 

Mere  traces  of  water  lower  the  melting-point  considerably, 
whilst^  on  the  other  hand,  the  boiling-point  is  raised  by  the 
jHVsence  of  water.  According  to  Liebig,  the  hydrate  CH,Oj + HjO 
boils  constantly  at  106".  This  compoand  has  been  termed 
orthofonnio  add,  CH(OH)j,  inasmuch  as  corresponding  ethers 
SQch  as  ethyl  orthoformate,  CH(OCjHg)„  are  known,  this  latter 
body  being  obtained  by  the  action  of  sodium  ethylate,  C,HjONa, 
on  chloroform.  Boscoe  '  has,  however,  shown  that  this  hydrate 
does  not  exist,  and  that  a  mixture  of  formic  acid  and  water  behaves 
like  the  various  other  aqueous  acids.  On  repeated  distillation 
under  the  ordinary  pressure,  a  final  product  is  always  obtained, 
containing  77  per  cent  of  formic  add,  and  boiling  constanUy  at 
107''1,  whether  a  dilate  or  concentrated  add  be  employed.   That 

*  Lortn,  Stttl.  Set.  Chim.  [2],  xxt.  519. 

'  l^adi^  Aw.  Aim.  cztII.  363 ;  and  Amt.  CK*m,  Fham.  St^pt,  vi  170. 

■  Patsnan  and  Ekitnnd,  Str.  Deulac^.  Cktm.  Go.  xiii  1184. 

*  BoTthalot,  £iUt.  Soc  CJtim.  [S],  zxii.  440. 

■  Jemnt.  ClUin.  3oe.  zt.  270. 
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this  liquid  is,  however,  not  a  definite  chemical  compound  is  shown 
by  the  fiict  that,  when  the  pressure  ia  altered,  the  boiling-point 
and  compositioa  likewise  undergo  change.  Thus,  for  instance, 
under  a  pressure  of  1350  mm.  an  acid  containing  80  per  cent,  is 
obtained,  having  a  constant  boiling-point  of  1 24'  '1 ;  whilst  when 
the  pressure  is  raised  t«  1830  mm.,  a  constant  acid  boiling  at 
134°'6,  and  containing  83  per  cent,  of  formic  acid,  is  produced. 

Formic  acid  ia  a  powerful  antiseptic,  preventing  fermentation, 
putrefaction,  &c.,  even  more  effectually  than  phenol  doea' 

Hygroscopic  substances,  such  as  sulphuric  acid,  decompose 
formic  acid  completely  on  wanning,  no  blackening  occurring, 
carbon  monoxide  and  water  being  formed.  Oxidizing  agents 
easily  convert  it  into  water  and  carbon  dioxide,  and  this  explains 
its  powerful  reducii^  action  on  the  oxides  and  salts  of  such 
metals  as  silver,  mercniy,  gold,  platinum,  &c 
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i86  Formic  acid  yields  a  series  of  salts,  all  of  which  are  soluble 
in  water,  and  most  of  which  crystallize  well  Of  these,  only 
the  more  important  will  here  be  mentioned. 

Potfusivm  Formate,  CHO,K,  crystallizes  with  difficulty  in 
rhombic  prisms  which  deliquesce  in  moist' air.  When  dissolved 
ia  hot  concentrated  formic  acid,  according  to  Bineau,*  the 
crystalline  compound  CHO,K  +  CHjO,  is  deposited  on  coolii^, 
and  these  crystals  are  odourless  when  dried.  It  is  to  be  re- 
marked, however,  that  Heiutz  '  oould  neither  obtain  these  salts 
nor  other  similar  salts  mentioned  in  the  sequel. 

Sodium  Formate,  CHO,Na,  forms  rhombic  prisms,  with 
bevelled  lateral  iacea,  which  are  easily  soluble  in  water.  It  is 
also  said  to  form  with  formic  acid  a  difficultly  ciystallizahle 
compound. 

Ammonitim  Formaie,  CHOjNH^  dissolves  very  readily  in 
water,  and  forms  monocliuic  crystals  which  possess  a  cool  and 
pungent  taste.  On  heating  it  decomposes  into  water  and  fcv- 
mamide,  the  latter  readily  undergoing  further  decomposition 
(see  page  277). 

Calcium  Formate,  (CH02),Ca,  separates  out  on  evaporation  of 
its  solution  in  a  glistening  crystalline  crust,  or  in  large  rhombic 

*  ^nn.  Chim.  Phy».  [3],  xix.  S91. 
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crystala,  which  diBsolve  in  &om  eigbi  to  ten  parts  of  cold  and  in 
not  much  less  hot  water,  and  are  insoluble  in  alcohol. 

Bariwn  F&rmate,  .(CHOj),Ba,  forms  transparent  rhombic 
prisms,  which  are  soluble  in  four  parts  of  water,  but  do  not 
dissolve  in  alcohol. 

Lead  Formate,  (CHOj)^Pb,  a  veiy  characteristic  salt  of  formic 
acid,  crystallizes  in  glistening  white  prisms,  which  sj%  iaomor- 
phous  with  the  barium  salt.  It  possesses  a  sweet  styptic  taste, 
disBolTes  in  sixty-three  parts  of  cold  and  5'5  parts  of  boil- 
ing water,  but,  like  the  foregoing  salt,  is  insoluble  in  alcohoL 
When  the  solution  is  warmed  with  oxide  of  lead,  the  following 
basic  salts  are  obtained : 

"tPbOHO, 


ofPbCHO. 

■pbOHO, 

or' 

.Pb 

"tricHO, 

;pb 

^PbCHO, 

These  are  soluble  in  water,  exhibit  an  alkaline  reaction,  and 
crystallize  in  needles. ' 

C(55»«r  Formate,  (CHO^jCu  +  iHjO,  crystallizes  in  light-blue 
monoclinio  prisms,  aud  yields  with  formic  acid  the  compound 
(CHOs),Cu  +  SCHjOj  +  3HjO,  which  also  crystallizes  in  the 
monodinic  system.* 

Silver  Formate,  CHOjAg.  Silver  oxide  or  silver  carbonate 
dissolves  in  cold  formic  acid,  although  silver  is  reduced  when  the 
acid  is  hot  On  evaporating  in  a  vacuum,  small  six-sided 
rhombobedral  tables  are  obtained,  which  are  also  deposited 
when  a  concentrated  solution  of  silver  nitrate  is  mixed  with  one 
of  sodium  formate.  From  concentrated  solutions  it  separates 
out  as  a  curdy  preci|ntate.  It  blackens  easily  even  in  the  dark, 
and  especially  when  moist,  and  decomposes  on  heating  according 
to  the  equation : 

2  CHOjAg  =  2  Ag  +  CH,0,  +  CO,. 

iCavuric  Formate,  (CRO^^g,  is  obtained  by  dissolving  mer- 
curic oxide  in  cold  dilute  formic  acid,  and  remains,  when  the 
solution  is  evaporated  in  a  vacuum  at  0°,  in  the  form  of  a  white 
granular  crystalline  mass  easily  soluble  iu  water. 
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Sfavarmu  Formate,  (OHd^^Hg^  is  formed  when  the  aoltttioiL 
of  the  foregoing  Bait  is  gently  wanned  : 

2  (CHO^jHs  =  (CHO^jHg,  +  CH,0,  +  CO, 

It  crjrstallizes  in  microscopic  four-aided  or  six-nded  tables,  and 
diasolres  at  17*  in  520  partt  of  water.  Like  the  silver  salt,  it 
blackens  even  in  the  dark,  and,  when  heated  with  water,  deoom- 
poses  into  mercury,  carbon  dioxide,  and  formic  acid.  The  dry 
salt  dell^rates  slightly  when  it  is  quickly  heated,  and  decomposes 
on  percussion. 

187  Methyl  FormaU,  CHO,(CE^.  This  ethereal  salt  was  first 
prepared  by  Bumas  and  P^ligot  by  distilling  methyl  sulphate 
with  sodium  formate.  Volhard  ^  recommends  the  following 
method :  130  parts  of  hydrochloric  acid  recently  saturated  with 
wood  sprit  are  added  gradually  to  1 00  parts  of  calcium  formate. 
As  soon  as  the  somewhat  violent  reaction  is  over,  the  distillate 
found  ID  the  cooled  receiver  is  poured  back  into  the  retort,  the 
whole  warmed  for  a  short  time  and  then  distilled  on  a  water* 
bath.  The  liquid  which  passes  over  is  washed  with  a  saturated 
solution  of  common  salt  containing  a  little  carbonate  of  soda, 
and  thtiQ  dried  over  a  large  quantity  of  finely  powdered  anhy>- 
drous  calcium  chloride,  with  which  substance  the  ethereal  salt 
combines  on  slightly  warming,  forming  an  apparently  dry  masa 
This  is  then  again  distilled  from  a  water-batb,  and  the  first 
portions,  which  contain  chlorine,  are  collected  apart.  According 
to  Bardy  and  Bordet, '  it  is  better  to  use  a  mixture  of  methyl 
alcohol  and  aqueous  hydrochloric  acid,  and  to  act  with  this  upon 
dry  sodium  formate.  Methyl  formate  is  also  readily  obtained  by 
digesting  methyl  alcohol  with  concentrated  formic  acid,'  as  well 
as  by  acting  upon  hydrocyanic  acid  with  wood  spirit  saturated 
with  hydrochloric  acid  (Volhard) : 

HON  +  HO.CH,  +  HCl  +  H,0  =  NH.Cl  +  HCO.OCH, 

Methyl  formate  is  a  mobile  liquid  possessing  a  peculiar  smell, 
boiling  at  30°'4  under  a  pressure  of  712  mm.  and  having  a 
specific  gravity  at  0°  of  09928  fVolhard),  and  a  vapour  density 
of  2084  (Dumas  and  FeUgot).  If  its  vapour  be  passed  through 
a  red-hot  tube,  it  decomposes  almost  completely  into  carbon 
monoxide  and  methyl  alcohol : 

HC0.0C3H,  -  CO  +  HO.CHy 
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Acted  upon  by  chlonne,  it  yields  as  the  last  product  percJUoT' 
methyl  formaie,  CICO.OCI^  a  powerfully  smelling  liquid,  boiling 
at  180°,  irbich  when  heated  to  320*  eplita  up  by  intermolecular 
interchange  into  two  mcdeculea  of  carbonyl  chloride,  COCl^ 

Mdhyhrthoforviate,  CH(OCHj)^  is  prepasred  by  the  action  of 
chloroform  on  a  solution  of  sodium  methylate,  and  is  a  colour- 
less, moldle  liquid,  with  a  pleasant  odour,  and  boihng  at  101° 
to  102*.*  Substitution-products  of  formic  acid  are  anknown  as 
the  add  is  decomposed  by  chlorine : 

CHjOj  +  CI,  -  2HCa  +  CO, 

The  chlorocarbottic  ethers,  howeyer,  obtained  by  the  action  of 
carbonyl  chloride  on  the  alcohols,  may  be  regarded  as  ethers 
of  monochlorfonnic  acid.  Of  these  the  methyl  compound, 
C010,(CHg),  has  been  already  described.  It  is  also  formed  by 
the  action  of  perchlormethylformate  on  woodqdriL  The  formyl 
chloride,  corresponding  to  formic  acid,  is  likewise  unknown,  for 
by  the  action  of  phosphorus  pentachloride  on  formic  acid  only 
carbon  monoxide  and  hydrochloric  acid  are  obtained.  The 
anhydride  is  consequently  unknown,  nor  has  thioformic  acid 
been  prepared. 

Formamide,  N(COH)H^  was  discovered  by  Hofmann  *  in  1863. 
He  obtained  it  by  heating  ethyl  formate,  saturated  with 
ammonia,  for  two  days  at  100*  in  sealed  tubes : 

cA}°+i}''-'''H'}°+''°i}''- 

Sehrend  '  prepared  it  by  heatii^  two  parts  of  ammonium  formate 
with  one  of  urea  to  140',  as  long  as  ammonium  carbonate 
escaped.  The  ammonium  salt  thus  decomposes  into  formamide 
and  water ;  the  latter,  which  would  retard  the  reaction,  at  once 
combines  with  the  urea  to  form  ammonium  carbonate,  and  thus 
becomes  inactive.  Loriu*  has  found  that  it  con  he  readily 
obtained  through  dry  distillatioo  of  ammonium  formate,  and 
also  occurs  as  one  of  the  products  of  the  distillation  of  am- 
monium oxalate.  It  is  a  colourless  liquid,  soluble  in  water  and 
alcohol,  bat  insoluble  in  pure  ether,  and  boiling  at  192*  to  195*, 
with  partial  decomposition.    This  takes  place  in  two  directions, 
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one  part  decomposing  into  water  and  fonuionitril  (hydrocyacic 

acid) : 

rcoH 

N-<  H       -  H,0  +  NCH, 

u 

and  another  part  splitting  up  into  ammonia  and  carbonic  oxide. 
Under  diminished  pressure  it  yolatilizes  'without  decomposition 
at  140'  to  190°.  Phosj^orus  pentoxide  -withdraws  water  &om 
this  compound,  forming  hydrocyanic  acid,  and  concentrated 
caustic  potash  decomposes  it  in  the  cold  with  formation  of 
potassium  formate  and  ammonia. 
j-COH 

Methyl  Formamide,  N  <  C^  This  body,  metameric  with 
(H. 
acetamide,  is  obtained  by  evaporating  an  aqueous  solution  of 
methyl  ammonium  formate  to  a  Bjrrupy  consistency  and  dis- 
tilling the  residue.  On  the  addition  of  potash  to  the  distillate 
the  amide  separates  out,  and  it  is  purified  by  rectification.  It 
is  a  thick  inodorous  liquid,  having  a  specific  gravity  of  1011, 
and  boils  under  a  pressure  of  740  mm.  at  190°.  It  is  soluble 
in  water  and  alcohol,  but  insoluble  in  ether.  It  is  inflammable, 
burning  with  a  purple-bordered  flame.  Phosphorus  pentoxide 
acts  violently  upon  it,  decomposing  it  into  carbon  monoxide 
and  methylamine,  and  at  the  same  time  some  hydrocyanic  acid 
is  formed.' 

BeeutioTU  of  Formic  Add  and  the  Formatt*.  Some  of  the 
more  important  reactions  by  which  formic  acid  and  its  salts 
can  be  recognised  have  already  been  ^ven. 

On  beating  with  concentrated  salphurio  acid,  pure  carbon 
monoxide  is  evolved  without  any  blackening,  this  gas  burning, 
when  ignited,  with  its  cbaracterisUc  pale  blue  flame.  Ferric 
chloride  colours  neutral  solutions  of  a  formate  a  red  brown  with 
production  of  ferric  formate.  This  reaction  is,  however,  ex- 
hibited by  ace^c  acid  and  the  sulphites,  but  formic  acid  can 
readily  be  distinguished  firom  these,  inasmuch  as  its  solution, 
when  warmed  with  silver  solution,  evolves  carbon  dioxide,  finely 
divided  silver  being  at  the  same  time  precipitated  and  deposited 
in  a  mirror  on  the  tube. 

*  LlmwDwnn,  Ber.  JFim.  Jkad.  Ix.  44. 
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ETHANE, 
0,H.. 

l88  This  gAB  waa  firat  obtuned  m  1848  hj  Frankland  and 
Kolbe '  by  the  action  of  potasaium  oq  moist  acetonitri]  - 
(methyl  cyanide),  and  waa  looked  upon  as  the  free  radical 
methyl,  CH,.  At  a  later  date  Kolbe*  showed  that  this  same 
compound  is  formed  in  the  electrolysis  of  acetic  acid  (methyl 
formic  add),  aod  Frankland'  likewise  obtained  it  by  heating 
methyl  iodide  with  zino  under  preMure.  When  the  truth  of 
Avogadro's  hypothesis  became  fully  recognised  by  chemists, 
the  simple  formula  CH,  was  doubled,  and  for  some  time  this 
hydrocarbon  was  termed  dimctbyL  It  was  believed  to  differ 
from  ethyl  hydride,  CjH^  which  gas  had  been  obtained  by 
Frankland  by  heating  ethyl  iodide  with  zinc  and  water.  The 
identity  of  these  two  substancen  was,  however,  afterwards 
proved,  for  they  were  found  not  only  to  agree  exactly  in  their 
physical,  but  also  in  their  chemical  properties,  inasmuch  as 
the  hydrocarbons  obtained  by  these  various  processes  all 
yield  ethyl  chloride  on  treatment  with  chlorine  as  the  first 
substitution-product  (Schorlemmer)/ 

Kthane  occurs  in  solution  in  Feosylvanian  petroleum'  as 
well  as  in  the  gases  which  are  evolved  &om  the  oil  wells.' 

Ethane  can  be  artificially  prepared  in  many  ways.  Of  these 
only  such  will  here  be  mentioned  as  yield  it  easily  and  in  a 
state  ot  purity.  It  has  already  been  stated  that  Kolbe  obtained 
it  by  the  electrolysis  of  potassium  acetate.  The  apparatus 
employed  for  this  purpose  he  describes  as  follows  : '     A  small 

'  CluiM.  Soe.  Jmr%.  i.  SO.  *  lUd.  ii.  167. 

■  INd.  li.  ats. 

*  "On  the  IdenKtr  of  Usthj'l  tail  Hjdrid*  of  Bthyl,"  Chtm.  Sat,  Jmtr*. 
ZTiL  282 ;  DuUng,  "  On  Dimethjl,''  ib.  xxi,  IM. 

'  Boualdi,  Jottm.  CSiem,  Soe.  xrui.  Si. 

•  Fouqni,  CampI,  Bmd.  lixriL  ]045 ;  Sadtler,  Amer.  Phil.  Sx.  17«Tj 
L.  Smith,  Joan.  Chem.  Soe.  1S7B,  i  287. 

'  Cktin.  Soe  /ram.  ii.  1S8. 
186 
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glass  cylinder  [b),  Fy.  68,  open  at  botli  ends,  is  firmly  fastened  by 
a  piece  of  sheet  caoutchouc  to  the  top  of  a  small  porous  cell  («) 
of  the  same  diameter.  The  cylinder  is 
closed  at  the  top  with  a  well-fitting  cork, 
to  which  two  thin  glasa  tubes  are  fixed  ; 
down  one  of  these  a  stout  platinum  wire 
passes,  to  the  lower  end  of  which  is  attached 
a  piece  of  platinum  foil,  bent  as  shown  by 
the  dotted  lines,  and  serving  as  the  electrode. 
The  second  tube  (e)  ia  connected  with  a  gas- 
delivery  tul)e.  The  whole  apparatus  stands 
i;i  a  wide  glass  cylinder  open  at  the  top  {cc. 
Fig.  CO),  and  is  surrounded  by  a  cylindrical 
piece  of  sheet  copper  placed  outside  the  porous 
Fro.  68.  cell,  and  serving  OS  the  other  electrode.  Both 

vessels  are  filled  to  the  same  height  with 
a  solution  of  acetate  of  potash ;  the  liquid  is  poured  into  the 
inner  one  by  means  of  the  tube  until  the  columns  of  liquid 
inside  and  outside  stand  about  two  inches  above  the  top  of  the 


band  of  caoutchouc.  Tlie  solution  of  potassium  acetate  must 
be  tolerably  concentrated  and  free  from  chlorine.  If  the  nega- 
tive pole  of  a  battery  of  four  Bunseii'a  elements  bo  connected 
with  the  copper  electrode,  and  the  positive  with  thu  platmum 
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cylinder,  pure  hydrogen  is  firat  evolved,  and  afterward9  a  mix- 
ture of  carbon  dioxide  and  ethane,  and  this  gaseous  mixture 
passes  through  the  bulb-tuljes  (/)  filled  with  potash  solution. 
The  ethane  is  still  mixed  with  another  gas  possei^sing  a  peculiar 
smell,  whose  nature  has  not  yet  been  properly  aecertained.  To 
separate  this  gas,  the  ethane  is  next  passed  through  tho  bulb- 
tube  (g)  containing  fuming  sulphuric  acid.  Tho  gas  is  after- 
wards washed  by  passing  through  the  bulbs  [h)  containing 
caustic  potash,  and  again  dried  by  passing  through  the  bulb  (t) 
containing  strong  sulphuric  acid.  The  gas  thus  purified  and 
consisting  of  a  mixture  of  60  volumes  of  hydrogen  with  28-8 
volumes  of  ethane  is  next  passed  into  the  small  mercury  gas- 
holder (k),  which  is  so  arranged  that  by  gradually  raising  the 
inner  bell-jnr  any  excess  of  pressure  in  the  apparatus  may  be 
avoided. 

Pure  ethane  can  also  be  obtained  by  allowing  zinc  ethyl  to 
pass  drop  by  drop  into  water.  The  reaction  is  very  violent,  and 
the  liquid  must  be  well  cooled  to  begin  with  (Frankland). 

It  b  likewise  easily  formed  by  the  action  of  sulphuric  acid 
on  mercuric  ethyl,  according  to  the  following  reaction  : 

2  Hg(C.H  Jj  +  HjSO«  =  2  C,Hi  +  (CjHsHg)^O.. 
In  order  to  purify  the  gas  thus  obtained  from  traces  of  mercuric 
ethyl   which    evaporates   with   it,    it   is    led   through   fuming 
sulphuric  acid  and  then  through  water  (Schorlemmer). 

According  to  Schiitzenberger  ^  it  is  also  obtained  by  the 
action  of  barium  dioxide  on  acetic  anhydride,  according  to  the 
following  equatioB: 

9  CHyCO  1  n  J.  B»n      CH,  \  ^  CH.C0.0  \^    ,  „  ^„ 

Darling,^  who  endeavoured  to  prepare  it  in  this  way,  only  suc- 
ceded  in  obtaining  a  gaseous  mixture  containing  less  than 
one-fifth  its  volume  of  ethane,  the  remainder  consisting  of 
marsh  gas  and  a  small  quantity  of  carbon  monoxide. 

i8g  I'roperties. — Ethane  is  a  colourless  odourless  gas  condensing 
to  a  liquid  under  a  pressure  of  46  atmospheres.  It  is  a  singular 
fact  that  the  vapour-tensions  of  ethane,  C^H^  ethylene,  C^Hj, 
acetylene,  CjH^  stand  in  the  same  relation  to  one  another  as 
tho  quantities  of  hydrogen  contained  in  their  molecules  do, 
that  is  as  3:2:1.* 
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Ethano  is  easily  iuflammable,  burning  witb  a  faintly  luininoiia 
flame.  It  is  slightly  soluble  in  water,  according  to  Schicken- 
dantz,  its  absorption-coefficient  is  represented  by  tbe  following 
expression  : 

C  =  0094556  -  0-0035324 1  +  0  00006278 1*. 

At  the  ordinary  temperature  alcohol  dissolves  about  its  own 
volume  of  this  gas. 


ETHYL  ALCOHOL. 

igo  Fermented  drinks  were  known  in  very  early  times.  Wine 
is  mentioned  in  Homer  and  in  the  Old  Testament,  and  the 
Egyptians,  Gauls,  and  Oermaos,  and  other  ancient  nations, 
understood  the  art  of  brewing  beer  from  malted  grain,  whilst 
the  northern  peoples  prepared  mead  &om  honey.  The  exist- 
ence of  alcohol  in  all  such  substances  was  first  recognised  after 
the  Alexandrians  had  perfected  the  extremely  rough  methods 
of  distillation  which  had  up  to  their  times  been  employed. 

Distillation. — This  appears  to  be  a  fitting  place  to  give  some 
account  of  the  history  of  distillation,'  a  process  constantly 
employed  by  chemists.  Aristotle  refere  to  the  fact  that  sea- 
water  can  be  rendered  fit  for  drinking  by  evaporation,  but  he 
does  not  explain  by  what  means  the  vapour  is  condensed.  Still 
there  can  be  little  doubt  that  this  was  efiiscted  by  means  of  the 
cover  of  the  vessel,  for  Alexander  of  Aphrodisiaa  writing  in  the 
third  century  describes  an  apparatus  of  this  kind. 

Both  Dioscorides  and  Fliny  mention  that  an  oil  con  be  obtained 
from  Fosio  by  heating  it  in  a  vessel  in  the  upper  part  of  which 
some  wool  is  placed  for  the  condensation  of  the  oil.  The  first- 
named  author  also  mentions  that  quicksilver  is  obtained  by 
heating  cinnabar  in  an  earthenware  pot  together  with  iron,  a 
cover  termed  a/ifii^  being  placed  over  the  pot  An  important 
improvement  in  distillation  was  made  by  the  Alexandrians,  as 
they  employed  two  vessels,  one  for  evaporating  the  liquid  and 
the  other  for  condensing  the  vapour.  The  forms  of  apparatus 
which  they  employed  are  shown  in  Figs.  70  and  71.  In  prin- 
ciple they  are  similar  to  those  used  at  the  present  day. 

The  two  parts  of  the  distilling  apparatus  were,  first  the 
>  Kopp,  Otiek.  der  ChemU,  iL  Id,  IT.  273;  SeiMIji,  i.  217. 
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body,  or  still,  and  secondly  the  head,  from  which  either 
one  or  several  tubes  passed  to  the  receiver.  The  Arabians 
termed  the  head  or  cover  alambic  or  alembic,  and  this  word 
was  subsequently  eibployed  to  designate  the  whole  apparatus.* 
The  invention  of  the  retort,  a  long-necked  flask  in  which  the 
neck  was  bent  bock  (Betorta,  ampwlla),  we  also  owe  to  the 
Arabians. 

Basil  Valentine  was  the  first  to  mention  a  tubulated  retort, 
and  he  illustrates  its  form  by  a  figure.  The  cooling-vessel 
and  condensiug-worm  were  also  fiiBt  described  by  Valentino. 
Fig.  72  represents  a  form  of  distilling  apparatus  from  a  Gemmo 
edition  of  Geber's  works  dated  I7l0. 


Fia  70.  Fro.  71. 

Other  improvements  in  the  arrangements  for  distillation  will 
be  described  under  the  momifacture  of  alcohol. 

191  The  discovery  of  a  combustible  spint  of  wine  soon  led 
to  attempts  to  obtain  it  of  a  greater  strength  than  vraa  found 
possible  by  repeated  distillation,  Raymond  Lully  described 
this  method,  and  also  noticed  that  a  still  stronger  spirit  can  be 
obtained  by  rectiScatioa  over  dry  carbonate  of  potash,  whilBt 
Basil  Valentine  states,  more  precisely  than  LuUy,  the  method 
to  be  adopted  for  obtaining  strong  spirit  by  means  of  calcined 
tartar  and  subsequent  distillation.  Thus  in  the  Offenhantng 
der  Handgriffe,  &c.,  p.  487,  he  says:  "Having  now  prepared 
>  8m  K  Wiedemum,  Zvr  Chtmit  lUr  JinUr,  DaUkk,  UmymUnd.  Oa,  1878. 
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this  aqtta  vita  hj  distillation  and  rectificatioQ  (take  care  that 
thou  comest  not  near  with  a  light  during  the  process,  and  doest 
thyself  damage),  place  in  a  still  to  every  quart  o(  this  prepared 
aqua  vitiv  a  quarter  of  a  poaod  of  well  calcined  sal  tirtari. 
Adapt  to  this  a  good  sized  alembic  (head),  and  distil  in  a 
B.M.  (water-bath)." 

Robert  Boyle  likewise  specially  describes  the  means  necessary 
for  obtaining  "  dephlegmed  spirit  of  wine  "  from  ordinary  spiriL 
He  recommends'  for  this  purpose  not  only  the  use  of  "  white 
calx  of  tartar,"  but  also  of  quick-lime,  He  states  that  on  careful 
distillation  "  the  phlegmatic  part  of  the  spirit  of  wine  is  soaked 
up  by  the  alcahzato  salt,  .and  the  inflammable  part  is  freed  from 


it ; "  adding,  "  therefore,  this  alcohol  of  wine  we  peculiarly  call 
the  alcalizatc  spirit  of  wine."  Basil  Valentine  also  mentions  the 
use  of  freshly-burnt  lime,  but  this  process  was  used  by  him 
ratber  with  the  view  of  making  the  lime  stronger  than  of 
preparing  a  more  active  spirit. 

Rectification  at  a  low  temperature  was,  however,  a  much 
more  common  mode  of  dehydration  than  the  use  of  potashes 
or  lime.  In  order  to  condense  the  vapours  completely  they 
wore  passed  through  long  cooling  tubes,  often  curved  and  bent 
in  an  extraordinary  &sbion.  Not  unfrequently  the  head  was 
'  Bojle,  Ojitra,  L  3S3. 
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raised  higli  above  the  body  of  the  still  in  order  to  retard  the 
passing  over  of  aqueous  vapours.  Indeed  Micliael  Savonarola, 
in  his  treatise.  Be  Arte  ConjuAendi  aquavt  Vita  Simplicem  el 
eompositam  (1532),  relates  that  a  friend  of  bis  had  built  a  still 
having  its  body  in  the  cellar  and  its  head  under  the  roof  of 
the  bouse. 

iga  Alcohol  was  formerly  designated  by  very  different  and  often 
by  most  fanciful  names.  Thus,  for  instance,  Marcus  Qnecus, 
who  is  said  to  have  lived  in  the  eighth  century,  calls  it  aqua 
ardena,  and  the  Latin  translators  of  Qeber's  writings  term  it 
aqua,  vitce;  and  in  addition  to  these  names,  of  which  the 
latter  has  come  into  general  use,  we  also  find  aqua  vitia  (beet- 
root water),  spiritus  vivue,  mercurius  vcgetabilis,  and  a  number  of 
other  pharmaceutical  names.  Moreover,  as  it  is  used  as  one  of 
the  most  important  medicines,  Raymond  Lully  terms  it  con- 
tolatio  uliinM  corporis  humani.  The  name  of  spirit  of  wine 
(spirilla  vini)  first  occurs  in  Basil  Valentine,  and  the  name 
alcohol  was  first  used  in  the  sixteeotb  century.  -  It  has 
already  been  stated  in  the  second  volume  (Part  II.,  p.  301)  that 
the  word  was  first  employed  for  designating  the  native  sulphide 
of  antimony  (speissglass),  and  was  afterwards  mode  use  of  to 
denote  any  finely  divided,  but  especially  metallic,  powder. 

It  ia  difficult  to  say  how  it  came  to  be  applied  to  spirits  of 
wine.  Libavius,  in  his  Alchj/mia,  published  in  1594,  says: 
'  Quando  vini  spiritus  rectificatur  per  suum  salem  (that  is, 
carbonate  of  potash  prepared  with  cream  of  tartar),  sen  potiua 
exasperatur.  Dominant  vini  alcool,  vel  vinum  alcalisatum." 
In  Johnson's  Lexicon  ChT/micum,  published  in  1657,  pages  12 
and  13,  we  find  the  following  explanation;  "Alcohol,  est 
antimonium  sive  stibium."  And  again,  "Alcohol,  vini,  quando 
ominis  superfluistas  vini  ii  vino  separator,  ita  ut  accensum 
ardeat,  donee  totum  consumatur,  nihilque  fsecum  aut  pblegmatis 
in  fundo  rcmaneaL" 

The  extract  from  Libavius,  and  that  already  cited  fix)m  ' 
Boyle,  appear  to  point  to  the  fact  that  strong  alcohol  was 
formerly  termed  vinum  alcalisatum  (that  is,  wine  strength- 
ened by  means  of  alkali),  and  that,  perhaps  by  some  misua- 
dcrstandiog,  this  came  to  be  written  vinum  alcoJtolisatum,  irom 
which  afterwards  it  became  alco/tol  vini. 

Another  derivation  which  appears  to  be  about  as  probable  as 
the  one  just  stated,  is  that  the  word  alcohol,  after  its  general 
employment  to  signify  a  very  finely  divided  body,  was  made  uiie 
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of  to  designate  spirits  of  wine,  because  this  waa  wine  freed  from 
all  grosser  particles. 

193  Manufacture  of  Alcohol. — The  mann&ctQre  of  alcohol  on 
a  large  scale  is  carried  on  by  distillers,  and  forms  an  important 
branch  of  industry,  the  gradual  development  of  which  has 
exerted  no  inconsiderable  influence  upon  the  history  of  civili- 
zation. Of  all  chemical  compounds,  alcohol  is  the  cue  which 
has  most  materially  affected  human  progress.  Alcohol  was 
originally  obtained,  as  baa  been  remarked,  by  the  distillation 
of  wine,  and  the  fact  that  it  was  contained  in  beer  naturally 
led  to  its  preparation  by  the  action  of  yeast  upon  malted  grain. 
Up  to  the  end  of  the  fifteenth  century,  alcohol  was  used  as 
a  medicine,  its  taste  being  rendered  agreeable  by  admixture 
of  sugar,  herbs,  aromatic  berries  and  essential  oils,  and  so 
it  gradually  came  into  general  demand,  inasmuch  aa  it  was 
believed  that,  if  daily  taken  in  small  doses,  it  had  the  effect 
of  preserving  youth  and  health,  and  thus  it  was  that  brandy 
Boon  became  a  recognised  drink  throughout  Europe. 

As  soon  aa  alcohol  began  to  be  used  in  the  arts  and  manu- 
factures, means  were  taken  to  find  a  cheaper  method  of  preparing 
it  than  from  malted  grain,  and  for  this  purpose  not  only  were 
potatoes  and  beet-root  employed,  but  also  cano-sug&r,  beet-root 
sugar,  and  molasses.  The  mares,  or  residues  of  the  wine  presses, 
and  sweet  fruits,  such  as  cherries,  plums,  oil  of  which  contain 
both  sugar  and  starch,  are  also  used  for  the  preparation  of  spirit 
of  wine,  whilst,  in  the  East,  rice  and  sorghum  are  the  chief 
sources,  and  in  America,  spirit  is  obtained  from  potatoes  and 
Indian  corn.  The  materials  which  are  thus  used  in  the  pre- 
paration of  spirit  of  wine  may,  therefore,  be  arranged  in  three 
groups.  In  the  first  of  these  are  classed  the  grape  and  other 
sweet  fruits  which  contain  fermentable  sugar,  or  glucose, 
C^HjgOg.  The  juice  of  such  fruit  enters  into  fermentation 
spontaneously  on  exposure  to  air,  under  the  action  of  a  ferment 
contained  in  the  nitrogenous  constituents  of  the  juice,  the  sugar 
thus  being  converted  into  alcohol.  Further  remarks  on  this 
subject  will  be  found  in  the  chapter  on  Fermentation. 

The  second  group  includes  substances  which  contain  common 
or  cane-sugar,  C^jH^jOn.  lu  order  to  bring  this  into  a  state  of 
fermentation,  tho  ferment,  yeast,  must  be  added  to  a  dilute 
solution,  the  first  step  in  the  process  being  the  formation  of 
fermentable  sugar  by  assumption  of  the  elements  of  water. 

To  the  third  class  belong  the  various  kinds  of  grain,  potatoes. 
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and  other  snbstancea  coDtaining  starch,  (C^HigOj).,  This  sub- 
Btaoce  ia  insoluble  in  cold  water,  hut  forms  a  gelatinous  mass 
when  boiled  with  water,  and  can  then  be  converted  into  fer- 
mentable sugar  by  the  addition  of  malt  or  malt  extract.  This 
contains  a  peculiar  ferment  termed  diastase,  which  is  aiss 
formed  in  the  process  of  malting  the  grain.  Dilute  sulphuric 
acid  also  possesses  the  power  of  efiectiog  this  same  chai^^e, 
converting  the  starch  meal  into  sugar  on  boiling  with  water. 

Grain  Spirit  is  usually  prepared  from  barley,  rye,  wheat,  or 
oats,  but  maize  and  rice  and  other  grain  are  Bkewise  employed 
for  the  purpose.  In  general,  a  mixture  of  several  sorts  of  grain 
ia  made  use  of,  inasmuch  as  it  has  been  shown  that  when  two 
kinds,  such  as  barley  and  oats  or  wiieat,  are  used,  the  yield  of  ' 
spirit  is  larger  than  when  one  kind  is  treated  by  itself.  To 
1  part  of  malted  barley  2  to  3  parts  of  unmalted  grain 
(termed  the  grUt)  are  usually  added,  but  in  some  cases  the 
proportion  of  the  latter  is  still  larger.  The  grain  is  broken  up 
tolerably  6nely,  either  between  ordinary  grindstones,  or,  in  the 
case  of  the  Goftermalted  grain,  between  rollers  of  a  suitable  form. 

Madving. — The  crushed  grain  and  malt  is  next  run  into  tbe 
mash-tun,  where  it  is  mixed,  in  the  proportion  of  1  litre  to 
1  kilo  of  malt,  with  water  having  a  temperature  of  about 
C0°  and  carefully  stirred  so  as  to  avoid  the  formation  of  lumps. 
After  the  first  mash  has  stood  for  about  half  an  hour,  the  liquid 
is  drawn  off,  a  sec<md  supply  of  water  added,  and  the  mash 
wanned  by  passing  in  steam  until  the  whole  is  raised  to  a 
temperature  of  about  65°.  The  tun  is  then  covered  for  some 
hours  and  allowed  to  stand,  in  order  to  permit  the  complete 
coQveision  of  the  starch  of  the  grain  into  sugar  by  means  of 
the  soluble  diastase  of  the  malt.  The  cold  wort  ia  then  brought 
into  a  fermenting  vat  and  yeast  added,  in  the  proportion  of  2^ 
to  3  kilos  of  dry  brewer's  yeast  for  every  100  kiloa  of  grain. 
The  fermentation  begins  after  a  few  hours,  and  should  last  four 
or  five  days.  The  attenuated  wort,  the  specific  gravity  of  which 
ought  to  be  nearly  equal  to  that  of  pure  water,  is  then  sub- 
mitted to  distillation  with  as  little  delay  as  possible ;  and  at 
the  conclusion  of  the  operations  100  kilos  of  grain  should  yield 
about  28  litres  of  pure  alcohol. 

Spirit  of  wine  is  largely  obtained  from  potatoes,  especially 
in  Germany.  The  roots  are  first  softened  with  steam,  then 
rasped  on  a  machine  with  warm  water.  Molt  is  then  added  to 
convert    the    potato-starch   into  sugar,  and  the   processes   of 
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maahing,   infusion,   and    fermentation    carried    on  as    In   the 
nmnufiicturo  of  grain  spirit. 

Beet-Toot  is  worked  up  in  difTcrent  ways.  The  root  is  rubbed 
down  and  the  juice  pressed  out;  or  the  root  is  cut  into  s!icea 
and  the  sugar  washed  out  hy  hot  water,  or  by  the  residue  of  a 
distillation  of  a  former  operation.  To  the  liquid,  yeast  is  added, 
and  the  liquor  allowed  to  ferment.  Alcohol  is  also  manufac- 
tured from  the  molasses  obtained  in  the  cane  and  beet-root 
sugar  industries.  The  syrup,  after  sufficient  dilution  with 
water,  is  allowed  to  ferment,  and  on  distillation  a  spirit,  known 
as  rum,  is  obtained. 

194  Lavoisier,  and  at  a  later  date  Gay-Lussac,  showed  that 
'  the  alcoholic  fermentation  of  sugar  proceeds  accordii^  to  tho 

following  equation : 

C,H^O,.2C^O  +  2CO^ 

Pasteur  afterwards  found  that  the  whole  of  the  sugar  does 
not  undergo  the  above  change,  but  that  irom  5  to  6  per  oeut. 
is  converted  partly  into  glycerin,  CjHgO,,  and  succinic  acid, 
C^R^O^  and  partly  used  up  for  developing  the  growth  of  the 
ferment.  In  addition  to  this,  and  under  conditions  which  are 
not  yet  properly  understood,  the  alcoholic  fermentation  gives 
rise  to  higher  homologues  of  common  alcohol,  fatty  acids,  and 
ethereal  salts,  which  impart  to  the  various  spirituous  liquors,  as 
well  aa  to  plain  spirit,  its  peculiar  emell.  These  bodies,  all 
of  which  boil  higher  than  common  alcohol,  are  classed  together 
under  the  name  of  fusel-oil,  though  sometimes  tho  name  is 
applied  simply  to  those  which  impart  to  the  spirit  a  disagreeable 
odour. 

195  The  first  crude  forms  of  distillating  apparatus  have  already 
been  described.  As  soon  as  spirit  was  required  in  larger  quan- 
tity these  stills  were  increased  in  size,  and  made  of  copper  and 
other  metals  instead  of  pottery.  A  simple  apparatus  which  was 
formerly  in  general  use  and  is  still  employed  on  the  small  scale 
for  the  manufacture  of  the  more  valuable  kinds  of  brandy 
{from  the  old  German  Brandewein),  is  shown  in  Fig.  73.  The 
wort  is  heated  on  the  body  of  the  still,  and  the  vapour  la  con- 
densed in  the  worm. 

The  distillate  consists  of  a  dilute  alcohol  termed  "low 
wines"  or  "singlings,"  and  from  this,  by  a  second  distillation 
or  "doubling,"  a  stronger  alcoholic  distillate  is  obtained. 
This  process   is  carried  on  until  the  spirit  begins  to  acquire 
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a  disagreeable  taste  and  smell,  and  to  this  the  Dame  df 
"  &mt3  "  is  given.  By  repetition  of  this  operation,  strong  or 
rectified  spirit  is  made,  and  at  last  a  highly  rectified  spirit,  con- 
taining 80  per  cent,  or  more  of  alcohol,  is  obtained.  The  older 
operations  for  separating  the  spirit  from  the  water  are  tedious 
and  costly,  and  hence  a  simpler  and  cheaper  method  for  eCTecting 
this  object  became  a  desideratum.  The  first  apparatus  of  this 
kind  was  invented  by  Adam,  in  France,  and  introduced  iuto 
industry  by  Bernard.'  This  original  apparatus  was  soon  im- 
proved, and  has  now  been  brought  to  a  high  degree  of  perfection. 
The  stills  employed  at  the  present  day  consist  essentially  of 


two  parts,  (1)  the  analyzer,  and  (2)  the  rectifier.  The  action  of 
the  first  depends  upon  the  fact  that  when  mixtures  of  the 
vapour3  of  alcohol  and  water  are  cooled  down  by  suitable 
arrangements,  tho  condensed  liquid  is  separated  into  two  parts, 
one  containing  iv  large  quantity,  and  the  other  a  small  quantity, 
of  alcohol.  This  principle  is  made  use  of  on  the  small  scale  in 
laboratories  in  the  process  of  fractional  distillatioD,  when  Wurtz's 
distillation-bulbs  are  employed  (see  p.  150).  In  the  second 
part  of  the  apparatus,  the  vapours  are  condensed  in  a  rectifier,  but 
none  of  the  liquid  is  allowed  to  run  back,  as  in  the  first  part, 
the  whole  being  heated  by  a  current  of  steam  to  the  boiling- 
point  of  the  liquid,  when  vapour  richer  in  alcohol  is  given  off. 
This  is  condensed  in  a  second  vessel,  again  brought  to  the 
>  mO).  Ann.  xxxii.  129. 
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boiling-point  by  action  of  steam,  and  condensed  in  a  third  vessel 
ID  the  form  of  strong  alcohol,  and  this  process  repeated.  This 
principle  is  likewise  applied  on  the  small  scale  fo^  fractional 
distillation  in  the  laboratory. 


196  The  apparatus  used  for  rectifying  is  constructed  in  very 
different  ways.  Of  these  various  forms  we  shall  first  describe 
the  large  apparatus  of  Pistorius  with  direct  heating,  formerly 
much  used  in  Germany,  as  it  serves  as  the  point  of  de- 
parture for  almost  all  the  other  forms  of  stills  and  rectifiers 
now  in  use.      At  the  commencement  of  the  operation  the  first 
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charge  of  wort  ia  allowed  to  enter  by  the  pipe  (A')  (Fig.  74), 
paasiDg  first  into  the  heater  (c),  thence  by  the  pipe  (y)  into 
the  first  boiler  (b),  and  from  this  into  the  second  boiler 
(a).  The  second  charge  is  then  brought  into  (b),  the  third 
remajning  in  the  heater  (c).  The  wort  in  boiler  (a)  is 
DOW  heated  to  the  boiling-point,  the  liquid  being  constantly 
stirred  with  the  chain  (/)  to  prevent  it  boiling  over.  Tho 
vapours  from  this  pass  through  the  tube  (^)  into  boiler  (B), 
which  ia  warmed  by  the  waste  heat  from  the  fire  (q),  and  the 
contents  are  soon  raised  to  the  boiling-point.  The  vapours 
here  given  off  pass  by  the  tube  (i)  in  the  head  of  the  still  into 
the  rectifying  vessel  (c).  In  this  vessel  a  considerable  portion 
of  the  water  or  weak  spirit  is  condensed,  flowing  down  to  the 
lower  portion,  where  it  collects,  and  is  from  time  to  time  allowed 
to  enter  the  boiler  (b).  The  vapour  of  the  strong  spirit  passes 
through  the  tubes  (rv')  into  the  condenser  (d),  where  again 
weaker  spirit  runs  back,  and  the  uncondensed  vapour  passes  into 
a  second  and  third  condenser  (not  shown  in  the  drawing),  until 
at  Ust  it  comes  to  the  tube  (d'),  whence  it  passes  into  a  large 
condensing  worm,  placed  in  a  tub  of  cold  water,  from  the  end 
of  which  it  runs  into  the  receiver. 

Fig.  75  represents  a  Fistorius  still,  worked,  as  is  now  usual,  by 
steam  instead  of  an  open  fire.  The  boilers  (a)  and  (b)  are  placed 
vertically  above  one  another,  (c)  is  the  rectifier  and  (d)  the  con- 
denser.  The  direction  taken  by  the  vapour  is  indicated  by  arrows. 

197  When  very  large  quantities  of  spirit  have  to  be  distilled, 
and  especially  in  this  country,  where,  owing  to  Excise  regula- 
tions, hu^e  distilleries  are  the  rule  and  grain-spirit  is  alone 
manufactured,  an  arrangement  known  as  "  Coffey's  still "  ia  em- 
ployed. It  consists  of  two  columns  (a)  and  (b)  (Fig.  76}  placed 
aide  by  side.  These  are  made  of  wood  5  or  6  inches  thick,  and 
are  lined  with  copper.  The  "  analyzer"  (a)  is  divided  into  12 
small  compartments  by  11  horizontal  platea  of  copper  (a)  per- 
forated with  numerous  holes  and  furnished  with  valves  opening 
upwards.  Dropping  pipes  (hi)  are  also  attached  to  each  plate, 
the  upper  end  of  the  pipe  being  an  inch  or  two  above  the 
plate,  and  the  lower  end  dipping  into  a  shallow  pan  (c)  placed 
on  the  lower  plate. 

The  second  column  or  "rectifier"  (B)  receives  the  spiritaons 
vapours  passing  from  the  column  (a)  through  the  pipe  Q/). 
This  column  is  also  divided  into  compartments  like  (a),  but 
there  are  15  instead  of  12.    The  10  lower  diaphragms  (0  aro 
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pierced  witli  small  holes  and  furnished  with  drop-pipes,  -whilst 
the  upper  5  have  only  one  largo  opening  surrounded  by  a  ring 
to  prevent  the  finished  spirit  from  returning. 

Between  each  of  these  compartments  passes  a  bend  of  a  long 
^gzag  pipe  (n  n  n"),  one  end  of  which  is  attached  to  the  pump  (mi), 
whilst  the  other  end  discharges  the  contents  of  the  pipe  into 
the  top  of  the  column  (a),  as  indicated  by  the  arrow.  The 
following  is  the  working  of  the  apparatus.  In  the  first  place, 
the  fermented  liquor  or  wash  is  pumped  up  by  the  pump  (tn) 
until  the  zigzag  pipe  is  fiUed  and  the  wort  flows  over  the  com- 
partments (a  ad).  Steam  is  then  admitted  into  the  analyzer 
by  the  pipe  (tf)  and  heats  the  wash,  which  is  deprived  of  all  its 
alcohol  by  the  time  it  reaches  the  bottom  of  the  cylinder  and 
Sows  off  by  (e/)  as  spent  wash.  The  sti-ong  spirituous  vapour 
passes  through  (y)  to  the  rectifier,  and  at  last  through  the  worm 
(c)  of  the  refrigerator  into  the  receiver, 

198  In  order  to  separate  completely  the  spirit  of  wine  from 
the  strongly  scented  fusel-oil,  the  crude  spirit  may  be  filtered 
through  freshly  ignited  and  finely  divided  wood-charcoal,  or,  its 
vapour  may  be  passed  through  a  cylindrical  vessel  provided  with 
a  head,  containing  a  large  number  of  perforated  plates  upon 
which  coarsely  divided  charcoal  is  placed. 

Experience  has  however  shown  that  the  spirit  may  be  freed 
from  fiisel-oil  by  bringing  it  up  to  a  concentration  of  90  per 
cent,  of  alcohol  by  rectification,  as  the  fusel-oil  boils  higher  thaa 
alcohol.  Hence  the  simplest  means  of  removing  the  fusel-oil  is 
to  concentrate  the  spirit.  Coffey's  still  answers  these  require- 
ments, producing  a  pure  neutral  spirit  up  to  68°  over  proof,  and 
free  from  fiisel-oils.  In  France  and  Germany,  where  Coffey's 
still  is  not  used,  a  second  distillation  is  carried  on  in  a  rectifying 
still.  Fig.  77  shows  the  construction  of  such  a  still,  much  used 
on  the  continent  and  known  as  the  French  column  apparatus. 
It  consists  of  a  boiler  (a)  heated  by  a  steam-pipe ;  the  vapours 
pass  through  the  rectifier  (b),  then  pass  to  the  condenser  (c),  and 
the  highly  concentrated  spirit  condenses  in  the  refrigerator  (d), 
whilst  the  "  phlegma  "  (or  aqueous  portion)  flows  by  the  tube  (e) 
back  into  the  rectifier. 

Various  products  are  obtained  in  the  foregoing  process.     The 

first  portion  of  the  distillate  serves  to  wash  out  the  apparatus; 

it  contains  bodies  which  are  much  more  volatile  than  alcohol, 

such  as  aldehyde.^     Kext  comes  the  fine  spirit,  containing  from 

*  EniQicT  and  Pinner,  Ber,  DttUtch.  Chtfn.  Oa.  iiL  7S, 
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90  io  95  per  cent,  of  alcohol  accordiog  to  the  more  or  less 
complete  mimner  in  which  the  apparatus  works  ;  and  after  this 
common  spirit,  containing  85  to  86  per  cent.,  comes  over,  and 
lastly  the  "  &ints  "  containing  the  strong-scented  fiisel-oil.  The 
first  and  last  ruDnings  are  generally  mixed  together,  and  either 
sold  as  common  spirit  or  worked  up  again  by  the  distiller. 


109  The  preparation  of  rice-spirit,  or  shochu,  is  conducted  in 
Japan  according  to  the  following  primitive  plan.  Bice  is  allowed 
to  undergo  a  peculiar  kind  of  fermentation :  this  yields  the 
bever^e  called  sakd  (from  ki,  spirit),  containing  from  II  to 
15  per  cent  of  alcohol.  The  residue,  after  pressing  out  the 
sak^  moistened   with   some   poor   qualities    of   sak^,   is   then 
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submitted  to  distillation,  in  the  arraDgement  shown  in  Fig.  78. 

The  mash  (s)  is  placed  in  a  tub  provided  with  a  perforated 
bottom,  -which  rests  on  the 
*  iron  pot  (p')  containing  water, 

which  can  be  heated  by  a 
fire.  The  steam  from  the 
boiling  water  passes  through 
the  mash  and  carries  ot!f 
the  spirit,  which  then  con- 
denses on  the  lower  surface 
of  the  pan  (i),  kept  cool 
with  cold  water,  and  runs 
into  the  bottle  (b).  The 
spirit  thus  obtained  contains 

from    36  to   40  per  cent  of 
Fia.  7B.  Ill 

alcohol. 

300  A  singular  proposal  may  here  be  mentioned,  viz.  that 
of  obtaining  spirit  from  the  ethylene  contained  in  common 
coal-gas.  Faraday  found  that  this  latter  gas  is  absorbed  by 
concentrated  sulphuric  acid  ; '  and  Hennoll,  to  whom  Faraday 
gave  tho  solution  he  had  prepared,  found  that  it  contained 
sulphovinic  acid  C^thyl  sulphuric  acid),  a  body  formed  by  the 
action  of  sulphuric  acid  on  alcohol,  and  which  when  heated 
with  water  yields  alcohol  and  sulphuric  acid.'  This  importaut 
observation  attracted  but  little  notice  until  confirmed  by  Ber- 
thelot  in  1855.^  This  indeed  was  the  first  step  in  the  synthesis 
of  alcohol,  which  Bcrthelot  afterwards  accomplished  by  showing 
that  acetylene  can  bo  obtained  by  direct  combination  of  its 
elements,  and  that  this  compound  combines  with  nascent 
hydrogen  to  form  ethylene.  The  same  chemist  also  prepared 
alcohol  by  this  method  from  coal-gas,  and  since  that  time  many 
proposals  have  been  made  to  carry  out  this  reaction  on  a  large 
scale.  They  have  however  hitherto  proved  unfruitful,  and  will 
probably  remain  so. 

Other  syntheses  of  alcohol  have  already  been  described 
(p.  179). 

201  Alcohol  occurs  in  nature,  although  in  small  quantities,  in 
the  vegetable  kingdom.  Thus  it  is  found  both  in  the  free  state 
and  combined  to  form  ethyl  butyrate  and  other  ethereal  salts,  in 

1  "  On  New  Componuda  of  Carbon  and  Hydrogen,"  Phil.  Trant.  1825,  H8. 
■  "Od  tlie  Mutiul  Aclion  of  Sulphuric  Acid  and  Alcohol, "i'Ai7.  Trant.  1830, 
210  ;  18:iS,  3^G.  ■  Anti.  Chim.  Pkys.  [3],  xliii  8S5. 
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the  UDiipe  fruit  of  Berat^m  giganteum, ; '  also  in  tboee  of 
Anthriacut  eere/olium  and  Pattinaea  lativa,  which  also  contains  a 
volatile  ethyl  compound,  probably  the  butyrate.'  Ethyl 
alcohol  is  also  formed  in  small  quantity  in  the  dry  distillation  of 
organic  substances.  Thus,  for  instance,  it  occurs  in  coal-tar* 
and  in  bone-oil,*  as  well  as  in  wood-spirit.'  It  also  occurs  in 
bread,  being  formed  by  the  fermentation  of  dough,  and  not  being 
completely  removed  in  the  process  of  baking.  According  to  the 
experiments  of  Bolaa,'  new  bread,  made  with  yeast,  contains  on 
an  average  0314  per.  cent,  whilst  in  slices  of  bread  a  week  old 
012  to  0 13  per  cent,  of  alcohol  was  found.  Ethyl  alcohol  is 
also  said  to  occur  together  with  acetone,  in  the  urine  of  diabetic 
patients,'  and,  accordiug  to  B^champ,  it  is  found  in  Email  quan- 
tities in  several  of  the  animal  fluids,  and  in  larger  quantities  in 
their  products  of  decomposition. 

aoa  Preparation  of  AbeoluU  AleoJiol. — Although  ethyl  alcohol 
is  a  more  volatile  liquid  than  water,  it  cannot  be  obtained  in  the 
anhydrous  state  &om  an  aqueous  spirit  by  fractional  distillation, 
la  order  to  prepare  anhydrous  or  absolute  alcohol,  substances 
must  be  added  which  possess  a  more  powerful  attraction  for 
water  than  alcohol  itself.  It  has  already  been  stated  that 
Baymond  Lully  employed  potashes  in  order  to  strengthen 
alcohol,  and  the  later  chemists  used  the  same  means.  As,  for 
this  purpose,  they  employed  the  air-dried  salt  which  stil]  contains 
water,  they  were  unable  thus  to  obtain  anhydrous  ^cohol, 
which  was  first  prepared  by  Lowitz  in  1796,  by  the  use  of 
freshly  ignited  potashes.  In  the  same  year  Bichter  showed  that 
fused  hydrochlorate  of  lime  (calcium  chloride)  may  be  used  for 
the  same  purpose.  Caustic  lime  is  however  much  more  effective 
than  either  of  these  salts,  aud  this  substance  too,  it  seems,  was 
used  in  early  times  fur  strengthening  spirit. 

In  order  to  prepare  absolute  alcohol  a  retort  or  flask  is  two- 
thirds  filled  with  freshly  bnmt  lime  broken  into  f>mall  lumps, 
and  so  much  spirit  is  poured  on  as  not  qaite  to  cover  the  solid 
lime.  The  whole  is  allowed  to  stand  overnight,  and  is  then 
distilled   from   a  water-bath.       The   distillate  is  usually   not 

I  Gatzeit,  Ber.  Deufteh.  Chan.  Get.  xiL  SOIS. 

*  Gatzeit,  Lidngt  Ann,  ctitviL  Hi. 

*  O.  Witt,  Ser.  JkulKh.  Chan.  Oe*.  z.  S227 ;  Tincrat  iud  D«kch«nt], 
CoBipfcM  RaUvi,  IiixtL  349. 

'  liichard,  B^ll  Son.  dim.  xxxiL  4SA. 

■  HemilUn,  Btr,  Dmlteii,  Chen,  Qt:  viii.  661. 

*  Chan..  j\™»,  sjvii  271. 

'  Harkowoiko^  Liabigt  Amialen,  clxxili.  3S3, 


sowGooi^le 


298  THE  ETHYL  OBODP. 

anhydrous,  and  for  this  reason  the  treatment  must  be  repeated, 
or,  the  whole  may  be  boiled  for  an  hour  ivith  a  reversed  con- 
denser and  then  the  alcohol  distilled  off.  In  this  last  process, 
however,  a  spirit  should  bo  used  which  does  not  contain  more 
than  5  per  cent  of  water.  If  a  weaker  alcohol  be  employed,  the 
distillation  over  Ume  must  be  repeated  several  times,  and  indeed, 
if  too  mucb  water  be  present,  less  than  half  the  retort  must  be 
filled  with  lime,  ae  otherwise  the  vessel  may  burst  from  the 
expansion  and  heat  caused  by  the  slaking  of  this  substance. 

Anhydrous  caustic  baryta  acts  like  lime.  It  is  however  mucb 
more  costly,  but  a  small  quantity  added  to  lime  is  useful,  inas- 
much aa  it  possesses  the  property  of  dissolving  completely  in 
anhydrous  alcohol,  ^ving  a  yellow-coloured  solution,  and  in  this 
way  the  point  when  the  last  traces  of  water  disappear  may  be 
easily  recognised.' 

The  absolute  alcohol  of  commerce,  obtained  from  ovei-proof 
spirit  by  use  of  lime,  usually  contains  half  a  pOT  cent,  of  water, 
which  can  be  got  rid  of  by  treating  the  alcohol  with  sodium.* 
This  metal  is  also  employed  for  separating  the  last  traces  of 
wat«r  from  alcohol  prepared  by  other  methods,  but  in  this  case 
care  must  be  taken  not  to  add  as  much  sodium  as  is  needed  to 
convert  the  whole  of  the  water  into  caustic  soda,  otherwise  a 
distillate  is  obtained  which  is  weaker  than  the  originaJ  alcohol. 
This  singular  result  has  been  explained  by  Lieben.'  It  depends 
upon  the  feet  that  caustic  soda  partially  decomposes  in  contact 
with  anhydrous  alcohol  with  formation  of  sodium  ethylate  and 
water.  If  only  a  small  quantity  of  sodium  be  dissolved  in 
anhydrous  alcohol  a  decomposition  takes  place  between  the 
caustic  soda  and  sodium  ethylate,  and  at  first  a  strong,  but  still 
not  absolutely  anhydrous,  alcohol  passes  over;  and  if  this  treat- 
ment be  repeated,  the  production  of  absolute  anhydrous  alcohol 
may  be  approached  as  near  as  is  desired. 

In  order  to  ascertain  whether  alcohol  contains  water,  it  was 
formerly  customary  to  add  to  the  liquid  white  anhydrous  copper 
sulphate,  a  substance  which  has  also  been  employed  for  the 
preparation  of  absolute  alcohol.  This  however  is  not  suitable 
for  the  latter  purpose,  although  it  may  be  used  as  a  test,  as  it 
quickly  absorbs  water  from  aqueous  alcohol,  thereby  acquiring  a 
blue  colour.* 

1  UeDdclejeff,  Fiigg.  Ann.  exxxTiii.  216. 

"  Bar.  Chan.  Tndtitlrie,  ii.  278. 

'  Ann.  Cliim.  Fhana.  cl»iiL  161. 

'  CniMlia,  Joi^n,  Chetn.  iled.  IBM. 
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Pure  anhydtouB  alcohol  does  not  give  any  turbidity  when 
shaken  up  with  benzene ;  >  it  mixes  in  every  proportion  with 
carbon  disulphiite,  and  the  more  water  it  contains,  the  less 
carbon  disulphide  does  it  take  up,  the  point  of  saturation 
in  this  caae  being  rendered  evident  by  a  distinct  turbidity 
occurriDg,*  Another  very  delicate  reaction  for  the  presence  of 
water  in  ahx>hol  is  a  solution  of  caustic  baryta  in  absolute 
alcohol,  which  instantly  throws  down  a  precipitate  of  barium 
hydroxide  when  brought  in  contact  with  alcohol  containing 
water." 

303  Properties. — Pure  ethyl  alcohol  has  a  peculiar  pleasant 
smell,  and  when  dehydrated  by  means  of  lime,  it  possesses  ac- 
cording to  Mendelejeff  a  somewhat  ethereal  smell,  which  however 
after  several  distillations  is  said  to  disappear.  When  anhydrous 
alcohol  ia  cooled  with  a  mixture  of  solid  carbon  dioxide  and  ether, 
it  assumes  a  thick  viscous  condition,  but  even  when  exposed  to 
the  still  lower  temperature  obtained  by  use  of  liquid  nitrous 
oxide,  alcohol  does  not  freeze.  Alcohol  is  easily  inflammable, 
burning  with  a  blue  non-luminoua  flame,  and  depositing  soot 
only  when  burnt  with  an  insufficient  supply  of  oxygen.  That 
its  vapour  mixed  with  air  forms  an  explosive  mixture  is  a  fact 
which  waa  known  to  Basil  Valentine. 

The  physical  constants  of  pure  and  aqueous  alcohol  have 
been  determined  with  the  greatest  care  by  many  investigators. 
According  to  Mendelejeff,  absolute  alcohol  boils  under  the 
normal  pressure  at  78°'3,  and  has  the  following  specific  gravity 
compared  with  water  at  3°'9 : 

0*  6'  10*  !6»  20'  25'  30* 

0-80625  0-80207  0-79788  0793C7  078945  078522  0-78096. 

For  the  purpose  of  calculating  the  specific  gravity  at  other 
temperatures,  Kopp's*  formula  mny  be  employed,  in  which 
t>  at  0"  =  1 : 

»  =  1  +  0-00104139 1  +  0-0000007836 1*  +  0  000000001768 1« 

The  specific  heat,  latent  heat,  and  vapour-tension  have  been 
determined  by  Kegnault.*  The  vapour  density  of  alcohol  has 
been  found  by  Gay  Lussac  '  to  bo  1'6133, 

>  OoiKcn.  Comjit.  Rend.  xxz.  SBT. 

*  Tncluchniult  and  Follenius,  Ber.  DenltcH.  Chem.  Oa.  W.  ESS. 
"  Rcnbelot,  Ann.  Cbim.  Fhyt.  [8],  iWi.  180. 

'  Pojg.  A»Ji.  Ixiii   1  and  223, 

•  Mtm.  Aead.  <ivi  .701.  •  Am.  CMtn.  [1],  jct.  IlL 
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Absolute  alcohol  is  a  very  hygroscopio  substance,  quickly 
absorbing  water  from  the  air,  and  hence  care  must  be  taken  in 
its  preparation  that  only  dry  air  can  find  its  way  into  the  dis- 
tillii^  apparatus.  A  peculiar  observation  was  made  by  Som- 
meriug,^  namely,  that  aqueous  alcohol  contained  in  a  bladder 
and  hung  up  in  a  warm  room  loses  water  by  evaporation, 
nearly  absolute  alcohol  remaining  behind.  This  observation 
has  been  confirmed  by  other  persons.' 

Boyle  mentions  in  his  ExperimerUal  Sistory  of  Cold  that 
when  strong  spirit  of  wine  "drawn  off  from  quick-lime,  the 
better  to  dephlegm  it,"  is  mixed  with  snow,  a  freezing-mixture 
is  formed;'  whiUt  Boerhave  in  1732  observed  that  when  spirit 
is  mixed  with  water  a  rise  of  temperature  occurs ;  and  Reaumur 
showed,  in  the  following  year,  that  a  diminution  of  vo'.umo 
likewise  takes  place.  This  contraction  is  greatest  when  one 
molecule .  of  alcohol  is  mixed  with  three  molecules  of  water 
(Mendelejeff).  In  order  to  exhibit  this  contraction  a  long  glass 
lube  is  half  filled  wiLh  coloured  water,  and  then  strong  spirit 
poured  carefully  on  to  the  surface  until  the  tube  is  nearly 
filled  and  tbo  volume  of  the  two  layers  indicated.  The  liquids 
are  then  mixed  by  Bhaking  and  reversing  the  tube,  and  the 
diminution  of  volume  noticed. 

It  bos  already  been  stated  that  alcohol  and  water,  in  spite 
of  the  difference  in  their  boiling-points,  cannot  be  completely 
separated  by  distillatiou.  By  means  of  a  suitable  fractionating 
apparatus,  spirit  containing  QQo  per  cent,  of  alcohol  may,  how- 
ever, be  obtained.  On  the  other  hand,  a  residue  of  almost  abso- 
lute alcohol  can  be  procured,  as  Sommering  observed  long  ago,  by 
distilling  weaker  alcohol  off  first  Thus  by  using  fractionating 
tubes  containing  33  cups  of  wire-gauze  a  spirit  containing  9S 
per  cent,  of  alcohol  yields  a  distillate  containing  97'4  per  cent, 
and  a  residue  containing  D9  5  per  cent,  of  alcohol.  Hence  it  is 
clear  that  a  mixture  of  ninety-seven  parts  of  alcohol  and  tlireo 
ports  of  water  boils  without  any  alteration  in  composition.* 

>  DtniKhr.  AJcad.  JTSneAm,  1811,  ISli,  182D,  1821 

■  Oii'ttitCi  Handboet,  riji.  2S0. 

»  BoyWt  Workt,  a.  611. 

4  L«  Bel,  Compl.  Batd.  UuvuL  BIS. 
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ALCOHOLOHBTRY. 

304  The  commercial  value  of  alcoholic  liquids,  except  those 
vhich  are  used  as  beverages,  depends  as  a  rule  on  the  percentage 
of  alcohol  nhich  they  contain.  Hence  a  means  by  which  the 
strength  of  spirit  could  he  readily  ascertuued  heeame  a  matter 
of  importance  at  an  early  date.  Raymond  Lully  considered 
alcohol  to  be  pure  when  a  cloth  moistened  with  it  took  fire 
after  the  alcohol  had  burnt  off,  "id  est  aqua  vitie  rectificata 
ut  ardeat  patinus  madefactus  in  ea." 

This  method  was  employed  until  the  introduction  of  gUD- 
powder  into  Europe,  whicii  then  was  used  instead  of  the  cloth. 
This  powder-test  was  in  common  use  during  the  last  century, 
and  from  this  is  derived  the  name  of  proof-spirit,  to  which  we 
shall  have  to  refer  hereafter.  Basil  Valentine  supposed  that 
alcohol  was  pure  when  it  left  no  water  behind  ^ter  it  was 
burnt.  This  test  was  long  used,  and  C.  J.  Geoffrey  in  1718 
suggested  that  the  alcohol  should  be  burnt  in  a  graduated- 
cylinder  in  order  to  compare  the  volume  of  tho  spirit  with  that 
of  the  residual  phlegm.  Bergmann,  in  1775,  also  recommended 
this  process. 

The  so-called  oil-test  was  likewise  in  common  use.  Michael 
Savonarola  (p.  285)  explains  this  test  "by  stating  that  the  alcohol 
is  poured  on  to  the  surface  of  oil,  and  notice  is  taken  as  to 
whether  it  remains  on  the  surface  or  not.  In  a  work  published 
by  Michael  Schrick  in  1483  we  find,  "  Oil  poured  on  to  the 
surface  of  brandy  falls  to  the  bottom."  Even  at  the  beginning 
of  the  eighteenth  century  this  method  was  in  vogue,  being 
believed  to  be  a  fairly  accurate  one. 

Tables  representing  the  contraction  which  ensues  when 
alcohol  is  mixed  nith  water,  as  well  as  the  specific  gravities  of 
these  mixtures,  were  given  by  K&.umur  in  1733-5,  and  also  by 
Brimon  in  the  Memoirs  of  tlie  Paris  Academy  for  1768,  The  firet 
complete  investigation  which  had  for  its  object  the  determine 
tion  of  the  composition  of  aqueous  spirit  firom  the  specific  gravity 
was,  however,  made  at  the  su^estion  of  tho  English  government 
in  the  year  1790  for  Bevenue  purposes,  and  Sir  Charles  Blagden 
was  employed  to  draw  up  these  tables  from  the  results  of  ex- 
periments made  by  Gilpin  and  published  in  the  Philosophical 
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Transactions  for  1794.  Gilpin's  expeiimentB  were  so  numerous 
and  so  remarkably  accurate  that  they  form,  even  at  the  present 
day,  the  foundation  of  the  processes  of  alcohol ometry,  notwith- 
standing the  bet  that  absolute  alcohol  was  at  that  time 
unknown.  On  the  discovery  of  axdiydrous  alcohol  by  Lowitz 
and  Bichter  (p.  297),  it  was  shown  by  TTalles,'  in  ISll,  that 
Qilpin's  normal  alcohol  contained  lO'S  per  cent  of  water. 
He  re-calculated  Gilpin's  numbers,  and  the  tables  thus  obtained 
are  those  which  are  now  in  use.  Tralles  likewise  made  a  series 
of  experiments  himself  for  the  purpose  of  controUing  Gilpin's 
results. 

In  France  the  standard  alccholometric  tables  are  founded  on 
experiments  made  by  Gay-Lussac,  the  results  of  which  have 
only  been  recently  published.*  These  agree  closely  with 
Gilpin's,  as  Gay-Lussac's  normal  alcohol  contained  10*86  per 
cent,  of  water.  Several  other  investigations  on  this  subject  have 
since  been  made.  Of  these  we  may  mention  those  of  Drink- 
water,*  Fownea,*  and  Baumhauer,*  and  these  very  careful  re- 
searches entirely  confirm  the  experiments  of  Gilpin.  More 
recently  MendelejefT*  has  investigated  the  matter  again,  dis- 
cussing the  errors  of  the  various  experimenters,  and  he  finds  that 
in  the  case  of  the  most  accurate  of  these  older  measurements  the 
specific  gravity  is  determined  to  within  a  mean  error  of  0  002, 
and  the  percentage  of  alcohol  to  within  an  error  of  0'025.  In 
his  experiments  Gilpin  employed  the  Fahrenheit  thermometer, 
which  then  was,  as  it  now  is,  chiefly  used  in  this  country,  whilst 
in  Germany  the  measurements  of  temperature  for  alccholometric 
purposes  were  made  on  It^umur's  scale. 

205  The  proportion  between  spuit  and  water  contained  in  the 
aqueous  spirit  may  be  stated  either  by  weight  or  by  volume. 
For  scientific  purposes  the  former  expression  is  always  used,  as 
this  is  independent  of  change  of  temperature.  In  commerce, 
however,  it  is  usual  to  employ  the  proportion  by  volume, 
inasmuch  as  spirituous  liquors  are  generally  sold  by  measure. 

Hence  it  is  important  to  be  able  to  calculate  the  composi- 
tion by  volume  from  that  by  weight.  For  this  purpose  some 
normal  temperature  must  be  chosen,  and  60°  Fahr.  or  15'''5  C.  is 
the  one  adopted  in  Gilpin  and  Tralles'  determinations,  whilst 
Gay-Lussac's  experiments  vere  made  at  15° C 

>  aUberU  Aimalett,  xxxviii.  349.  *  Ponillet,  J/tfm.  Atad.  xzz.  1S50. 

*  Phil.  Mag.  [3J,  xxiji  123,  *  Pham.  Jcum.  Tram,  viu  575- 

*  Fogg.  Ann.  ci.  SJ9.  *  Pogg.  Anii.  czxzriiL  103  Mid  2Sa 
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Let  S^-Bpec  grav.  of  the  aqueoos  spirit;  a  the  weight  in 
grains  of  alcohol  in  100  porta  of  the  same;  F'^^the  volume  of 
the  alcohol  expressed  in  chc,  then  100  -  o  =  the  weight  of  tho 
water,  and 

100  =  V.S. 

If  further  t  -=  spea  grav.  of  alcohol  (compared  with  water  at 
the  same  temperature)  then  the  volnmea  of  alcohol  and  water 
centred  in  thespirit  are  -  and  100  — a  respectively,  and  hence 
the  percentage  volumes  of  alcohol  and  water  in  the  sprit  are 


(100  ~a)  .  =^  or  (100  -  a)  S  volumes  of  water. 

For  the  purpose  of  accurately  determining  the  pcreentage  of 
alcohol  in  aqueous  spirit,  its  specific  gravity  must  he  determined 
by  means  of  a  specific  gravity  bottle.  For  excise,  mid  general 
purposes,  on  the  other  hand,  hydrometers  are  employed,  special 
instruments  heing  manufactured  in  which  the  percentages  of 
alcohol  by  volume  are  marked  on  a  scale.  Thus  for  example 
80  per  cent.  Trolles  means  that  100  volumes  of  such  a  spirit 
measured  at  60"  F.  contain  80  volumes  of  absolute  alcohol 
at  the  same  temperature,  but  not  that,  when  the  latter  quantity 
is  mixed  with  20  volumes  of  water,  an  alcohol  of  the  above 
strength  is  obtaiued,  as  a  contraction  ensues  when  these  liquids 
are  mixed. 

Id  England  the  normal  temperature  adopted  at  the  present 
time  is  51°  F.,  and  the  spirit  is  not  valued  according  to  its 
percentage  of  absolute  alcohol,  hut  according  to  the  amount 
of  proof  spirit  it  contains.  This  t«rm  is  defined  by  the  Act  58 
George  III.  as  *  being  such  as  shall  at  a  temperature  of  51'  F. 
weigh  exactly  \^tha  part  of  an  equal  measure  of  distilled 
water."  Proof  spirit,  therefore,  contains  493  per  cent,  by  weight 
or  57'09  per  cent,  by  volume  according  to  Tralles.  Weaker 
spirits  are  termed  underproof,  and  stronger  spirits  overproof. 
Thus  25°  over  proof  means  that  100  volumes  of  this  spirit 
diluted  with  water  yield  125  volumes  of  proof  spirit,  whilst  25° 
under  proof  means  that  it  contains  in  100  volumes  seventy-five 
volumes  of  proof  spirit. 

The  hydrometer  chiefly  used  in  England  and  sanctioned  by  the 
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8pecifieW«ighHS.)aiid  Capacity  (C.)  of  Alcohol,  at  6Cf  F^  rtlaOvt  la  Water 
o/GO'  F.  a*  mitff  (more  laacUa  121'  R  or  15J'  C),  at  12'6°  R.-16'5°  C. 


I.  a,  ContwU  of  Alcohol  br  PercMitm 

I.  h.  Cont«nU  of  Alcohol  bv  PcreraUge 
of  Weight     -f.              ^ 

7. 

S. 

C 

7. 

a 

0. 

•A 

S. 

C. 

-/.       8. 

C. 

0 

lOOOO 

1-0000 

so 

0-9343 

1-0708 

0 

liWOO 

1-0000 

50  0-S183 

1-0890 

1 

0BB85 

1-0016 

61 

0-8323 

1-U726 

1 

0 

9981 

1-0019 

61  0-8160 

1-0917 

s 

0-M70 

1-0030 

62 

0-8303 

1-0748 

2 

0 

9963 

1-0037 

52  0-9138 

1-0943 

3 

o-ssse 

1-0044 

S3 

0-9283 

1-0772 

3 

0 

9944 

1-O0S6 

63  O'SnS 

10070 

4 

0'BS42 

1-0058 

S4 

0-9283 

1-0796 

4 

0 

9928 

1-0073 

54  0-9094 

1-0996 

£ 

0-BB28 

1-0073 

66 

0-9242 

1-0820 

6 

0 

B912 

1-0089 

55  0-9072 

1-1023 

6 

0'8916 

10088 

66 

0-8221 

1-0845 

6 

0 

8896 

1-0106 

58  00049 

1-1061 

7 

09902 

1-0099 

57 

0-9200 

1-0870 

7 

0 

9880 

1-0121 

57  0-9027 

1-1078 

8 

0-9880 

i-om 

S8 

0-8178 

1-0898 

8 

0 

9888 

1-0138 

58  0-9004 

1-1106 

e 

0-9878 

1-0124 

59 

0*8158 

1-0923 

9 

0-9853 

1-0160 

69,  0-8981 

11136 

10 

o-ssse 

1-0136 

60 

0-9134 

1-0948 

10 

0-9839 

1-0181 

80  0-3958 

1-1I6S 

11 

0-S854 

1-0148 

61 

0-9112 

1-0976 

11 

0-9828 

1-0177 

81   0-8936 

1-1192 

13 

0-9843 

1-0160 

82 

0-9080 

l*10iil 

12 

0-9813 

1-0191 

62  0-8911 

1-1222 

13 

0-9832 

10171 

63 

0-8067 

1-1029 

13 

0-9800 

1-0204 

63  0-8888 

1-1251 

U 

0-9821 

1-0182 

84 

0*9044 

1-1067 

14 

0-9788 

1-0217 

84,  0-8885 

1-1280 

15 

0-9811 

1-0193 

85 

0-9021 

1-1085 

15 

0-9775 

1*0280 

85,  0-8842 

1-1310 

18 

0-9800 

1-0204 

68 

0-8997 

1-1116 

16 

0-970S 

1-0343 

68  0-8818 

1-1840 

17 

0B790 

1-0215 

87 

0-8978 

1-1145 

17 

0-9761 

1-0266 

67]  0-8796 

1-1S70 

18 

0-S7BO 

10225 

68 

0-8949 

1-1175 

18 

0-97S9 

1-0268 

68i  0-8772 

1-1400 

19 

0-B77O 

1-0236 

89 

0-8825 

1-1204 

19 

0-9727 

1-0281 

69  0-8748 

1-1431 

20 

0-97SO 

1-0246 

71 

0-8900 

1-1236 

20 

0-9714 

1-0294 

70  0-872* 

1-1483 

SI 

0-9760 

i-osss 

71 

0-8875 

1-1288 

21 

0-0702 

1-0307 

71 

0-8700 

1-1494 

22 

0-9740 

1-0287 

72 

0-8850 

1-1298 

22 

0-9890 

1-OS20 

72 

0-8676 

1-1628 

23 

0-9728 

10279 

73 

0-8826 

1-1832 

23 

0-9677 

1-0334 

73 

0-8852 

1-1668 

24 

0-B719 

1-0289 

74 

0-8798 

1-1885 

24 

0-9S64 

1-0348 

74 

0-8829 

1-1689 

2S 

0-9709 

1-0300 

75 

0*8773 

1-1399 

25 

0-96B1 

1-0362 

75 

0-8805 

1-1821 

ae 

0-9898 

1-0311 

76 

0*8747 

1-1433 

26 

0-8637 

1-0377 

76 

0-8581 

1-1854 

27 

0  98S8 

1-03Z2 

77 

0*8720 

1-1488 

27 

0-9822 

1-0303 

77 

0-8557 

1-1688 

28 

0-9877 

1-0384 

0-8893 

1-1604 

0-9B07 

1-040B 

78 

0*8533 

1-1719 

2» 

0-9806 

1-0345 

0-8666 

1-1641 

29 

0-9592 

1-0425 

79 

0-8S09 

1-1753 

30 

0*9856 

1-03B7 

80 

0-8639 

1-1677 

30 

0-9577 

1-0442 

80 

0-8484 

1-1787 

31 

0-9043 

1-0870 

81 

0-8611 

1-1813 

31 

0  9580 

1'0460 

81 

0-8459 

1-1822 

32 

0-9881 

1-0383 

82 

0-8583 

1  1651 

32 

0-9544 

1-0479 

82 

0-8436 

1-1866 

33 

0-9818 

1-0397 

83 

0-8555 

1-1689 

33 

0-9526 

1-0498 

0-8409 

1-1892 

31 

0-960B 

1-0411 

84 

0-8528 

1-1729 

34 

O-950S 

1-0518 

34 

0-8386 

1-1928 

86 

0-9592 

1-0425 

85 

0-S488 

1-1770 

36 

O-94B0 

1-0637 

85 

0-8369 

1  -1863 

36 

0-9579 

1-0440 

86 

0  8408 

1-1812 

38 

0-9472 

1-05S7 

86  0-8383 

1-2000 

37 

0-9586 

1-0455 

87 

0-8438 

1-1854 

37 

0-9453 

1-0S79 

87i  0-8307 

1-2038 

88 

0-9560 

1-0471 

88 

0-8405 

1-1898 

0-9433 

1-0601 

88,  0-8282 

1-2074 

80 

0-9535 

1-0488 

89 

0-8373 

1-1943 

39 

fl-9413 

1-0623 

89,  0-8268 

1-2112 

40 

0  9519 

1-0606 

90 

0-8338 

1-1992 

40 

0*9394 

1-0645 

90  0-8229 

1-2152 

41 

0-9603 

1-0623 

91 

0-8306 

1-2040 

41 

0-9374 

1-0668 

91,  0-8203 

1-2191 

42 

0-9487 

1*0541 

92 

0-8272 

1-2089 

42 

0-9363 

1-0692 

92  0-8176 

1-2231 

43 

0-9470 

1*0580 

93 

0-8237 

1*2140 

43 

0-9332 

1-0716 

93.  0-8149 

1-2272 

44 

0-9452 

1-0680 

94 

0-8201 

1-2194 

0-9311 

1*0740 

94:  0-8122 

1-2812 

45 

0-9435 

10599 

95 

0-8184 

1-2249 

46 

0-9291 

1-0763 

95'  0-8094 

1  -2565 

40 

0-9417 

1-0619 

96 

0-8125 

1-2308 

48 

0-9269 

1-0789 

981  0-8066 

1-8899 

47 

0-9399 

1-0639 

97 

0-8084 

1-2370 

47 

0-9249 

1-0SI3 

07|  0-8036 

1-2444 

48 

0-9381 

1-0660 

98 

0-8047 

1-2438 

48 

0-9227 

1-0838 

98l  0-8006 

1-2491 

IB 

0-9382 

1-0683 

99  0-7995 

1-2508 

49 

0-9204 

1-0864 

99;  0-7978 

1-2S37 

50 

0-8343 

1-0703 

lOOJ  0-7948 

1258S 

60 

0-9183 

10890 

100  0-7846 

1-2685 
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Excise  13  knoiTD  as  Sykes'a  hydrometer.  Fig.  70.  It  is  mudo  of 
metal,  and  baa  a  four-sided  stem  divided  ioto  ten  equal  parts, 
fitting  into  a  brass  ball,  carrying  a  small 
conical  stem,  terminating  in  a  pear-shaped 
loaded  bulb.  The  instrument  ia  also  pro- 
vided with  nine  circular  weights  numbered 
10,  20,  30,  40,  50,  60,  70,  80,  90,  each 
having  a  slit  by  which  it  can  be  fixed  on 
to  the  stem.  The  instrument  is  so 
adjusted  as  to  float  with  the  zero  of  the 
Bcale  coincident  with  the  surface  of  the 
liquid  when  it  ia  immersed  in  spirit  having 
a  specific  gravity  of  0825  at  60°,  this  being 
the  standard  alcohol  of  the  Excise.  If  the 
alcoholometer  be  placed  in  weaker  spirit 
than  this,  it  will  need  to  be  weighted,  in 
order  to  bring  the  zero  point  to  the  level 
of  the  liquid;  aud  the  sum  of  weights, 
together  with  the  number  on  the  scale  at 
the  level  of  the  spirit,  give  by  reference  to 
a  table  the  quantity  of  proof  spirit  con- 
tained in  the  sampla 

As  the  alteration  of  volume  effected  in 
spirit  by  the  variation  of  a  few  degrees  of 
temperature  is  considerable,  the  reading  \ 

on  the  hydrometer  will  only  be  correct  at  ' 

the  normal  temperature.  As,  however, 
this  point  is   difficult  to   attain,   Gilpin    i  | 

determined  the  specific  gravity  of  aqueous 
spirit  of  different  strengths  at  different 
temperatures.     All  these  tables  were  re-  Fio.  ;e. 

calculated  by  Tralles,  and  have  since  bis 
time  been  corrected  by  the  investigations  of  Brix, '  von  Kupfier,* 
and  others.* 

By  the  help  of  these  results,  a  table  of  corrections  is  obtained, 
by  means  of  which  the  true  percentage  of  alcohol  contained 
in  any  spirit  at  any  given  temperature  may  be  ascertiiiDed 
from  its  apparent  percentage  aa  read  off  on  the  hydrometer 
<jf«  Tables  pp.  30G-7). 

'  Da*  AlkohnlomeUr,  he,  Berlin,  ISSl. 
■  llandb.  Mkoholomrlrie,  Berlin,  1865, 
•  Sea  alao  Wattes  Dictionary,  toL  i,  iTtidB  "Alcoholometry." 
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308  THE  ETHYL  GBODP. 

3o6  Determination  of  Alcohol  in  Beers  and  Wines. — The 
percentage  of  alcohol  contained  in  liquids  such  as  beer,  wine,  &c., 
in  which  other  materials  besides  water  and  alcohol  are  present  in 
Bolution,  cannot  be  directly  ascertaiaed  by  the  use  of  the  hydro- 
meter. In  such  cases  the  simplest  plan  is  to  take  a  measured 
volume  of  the  liquid  and  to  prepare  pure  aqueous  alcohol  &om 
this  by  distillation,  and  then  to  deteniiiuc  its  volume  and  specific 
gravity.  For  the  purpose  of  making  such  estimations,  which  often 
require  to  be  quickly  and  occumtely  carried  out,  an  apparatus  has 
been  devised  by  Descroizeilex,  which  was  afterwards  improved  by 
Gay-Lussac,  and  others.  Savalle  uses  an  apparatus,  the  construc- 
tion of  whicli  depends  upon  the  samo  principle  as  the  rectifica- 
tion of  spirit  and  is  shown  in  Fig.  80.  The  liquid  to  be  eia- 
mined,  several  liters  of  which  should  beased,  is  brought  into  the 
still,  a,  and  heated  with  gas  to  the  boihng  point.  The  vapour 
passes  through  the  lube  6,  to  the  worm  e,  cooled  by  the  water 
d.  When  the  water  in  c  becomes  warm,  the  vapours  condense  in 
the  cooler,  and  the  distillate  is  collected  in  the  cylinder  e,  For 
liquids  which  do  not  contain  more  than  16  per  cent,  of  alcohol  it 
is  only  necessary  to  distil  oflf  one-third  ;  if  they  contain  more,  a 
lai^er  amount  must  be  driven  off.  In  this  way  5  liters  of  wine 
give  751  cbc.  of  a  distillate  containing  50*99  per  cent,  and  hence 
the  wine  contains  '''*,^"  =  8-56  per  cent.  By  means  of  this  ap- 
paratus the  amount  of  spirit  in  weak  alcohols  can  be  ascertained 
even  when  they  contain  as  little  as  O'Ol  per  cent. 

If  only  a  small  quantity  of  liquid  be  at  disposal,  Qay-Lussac's 
wine-tester  as  modified  by  Mohr  may  be  employed,  and  by 
means  of  this  instrument  the  quantity  of  alcohol  in  so  small  a 
volume  of  liquid  as  ten  cbc.  may  be  determined  with  tolerable 
accuracy.  For  this  purpose  10  cbc.  or  a  larger  volume,  is 
measured  out  in  a  pipette,  and  brought  into  the  flask,  Fig.  81, 
an  equal  volume  of  water  added,  and  the  whole  distilled  over 
into  a  small  wide  flask  upon  the  neck  of  which  a  mark  is  made, 
indicating  exactly  the  same  volume  of  distillate  as  that  of  the 
original  wine  or  beer.  In  order  to  prevent  the  liquid  from 
bumping  it  is  advisable  to  add  a  small  quantity  of  tannic  acid, 
and  to  distil  the  liquid  until  the  distillate  comes  nearly  up  to 
tlie  mark.  The  distillate  is  then  cooled  to  the  normal  tem- 
perature, and  water  added  to  611  up  to  the  mark,  and  the 
whole  again  weighed.  The  weight  in  grams  divided  by  the 
number  of  cubic  centimeters  gives  the  specific  gravity.  Another 
arrangement  for  distilling  wines  is  shown  in  Fig.  82. 
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307  The  ebullioscope  is  ao  iastrument  by  means  of  which  the 
amount  of  alcohol  in  a  liquid  can  be  determined  by  ascertaining 
its  boiling  point,  na  this  la  higher  the  less  alcohol  is  contained 
in  it.  Variou!!  kinds  of  instruments  of  this  sort  have  been 
made.     Fig.  83  shows  the  construction  of  Fold's  ebullioscope. 


tlsually  the  thermometer  has  an  empirical  division  from  which 

the  percentage  amount  can  be  directly  read  off.     According  to 

Griessmayer  '  the  ebullioscope  of  Malligand  *  is  the  beat  for  tho 

»  DiDgUr,  JWjrf.  Jeurit.  cciTiii.  282,  '  Cmipl.  P.end.  Uxx.  1111. 
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determination  of  the  atnount  of  alcohol  contaioed  in  beer  and 
wine,  iDasmuch  as  the  process  is  much  simpler  and  quicker 
than  by  the  method  of  distillation.  For  over-proof  spirit  this 
method  is,  however,  perfectly  tiseless,  because  the  difference  in 
boiling-point  becomes  very  slight  for  a  considerable  difiference 
in  the  percentage  of  alcohol. 


Fig.  84  shows  Crockford's  patent  spirit  indicator,  as  described 
in  Thudicum  and  Bupru's  treatise  on  nines.  A  small  condenser 
is  fixed  on  the  top  of  the  boiler  to  prevent  loss  of  alcohol  during 
boiling. 

308  Another  instrument  designed  with  the  same  object 
depends  upon  the  determination  of  the  tension  of  aqueous  alcohol 
at  100'  as  determined  by  Fliicker.'  The  iostrument,  showQ  in 
^  Fogg.  dmt.  xcU.  199, 
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Fig.  85.  has  been  made  by  the  well-lcnowD  glaas-blower  Qeissler,' 
aod  termed  by  him  the  vaporimeler.  The  tube  (o)  Fig.  85 
first  coDtains  mercury  up  to  the  mark,  and  then  is  filled 
completely  with  the  beer  or  wine  to  be  examined.     It  is  then 


fastened  into  the  ground  neck  of  a  syphon  barometer  tube 
(b),  this  being  placed  in  a  vertical  position,  and  then 
exposed  to  the  action  of  steam  coming  from  boiling  water, 
when  the  liquid  evolves  a  large  quantity  of  vapour  and 
the   mercury  in   the   tube   is  driven  up  to  a  certain  height 


>  P<^lyt.  Ctnlralb.  1S34,  1438. 
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according  to  the  amount  of  alcohol  contained  in   the  liqaid. 
An   empirical    scale    is   placed    on  the    barometer   tube  by 


means  of  which  the   percentage   of  alcohol   can  be   read   oS*, 
Should  the  liquid  under  examination  contain  carbon  dioxide, 
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this  gas  must,  of  coutse,  be  removed  before  the  operatioo, 
and  this  is  best  effected  by  ahakiog  it  with 
freshly  burnt  lime.  If  the  solution  contain 
a  large  quantity  of  dissolved  matter,  the  re- 
sults are  usually  inexact,  and,  in  this  case,  a 
given  volume  of  the  liquid  is  distilled  off  and 
this  treated  aa  above  described. 

Alcohol  expands  on  warming  much  more 
rapidly  than  water;  and  founded  upon  this  pro- 
perty Silbermana*  has  described  an  instrument 
termed  a  dilaiometer  (Fig.  86).  This  consists 
of  a  thermometer  tube  having  a  scale  etched 
upon  it,  into  which  a  certain  volume  of  the 
liquid  is  brought  at  25°,  and  the  expansion 
observed  which  this  undergoes  in  heating  to 
60'. 

NEany  other  methods  are  employed  for  de- 
termining  the  strebgth  of   aJcohotic    liquids. 
For  a  description  of  these  we  must  refer  to 
the  undermentioned  works.* 
^'*'  **■  3og  The  following  table  gives  the  percentage 

of  alcohol  contained  in   various   wines  and   other  fermented 
liquors ; 

Port  (old  bottled)   . 
„     (newly  bottled) 

Montilla  sherry  (1854) 

Fine  Marsala     . 

Madeira   .     ,    . 

Beaune     .     .     , 

0  be  ringelheimer 

Assmannshauser 

C  hateau-Latitte 

Ordinary  Bordeaux 

Johanoisberger  (1842) 

Btidesheimer 

Auerbacher  .    . 

Burton  Ale   .     . 

Edinburgh  Ale  . 

London  Porter  . 

Munich  Lagerbier . 

Schenkbier    .    . 

Berlin  Weissbier 


20-2 

171 

16-3 

17-0 

161 

135 

94 

91 

8-7 

61  to  8-7 

81 

9-2 

81 

69 

0-7  to  61 

51  to  6 !) 

5  1 

38 

1-8  to  2  0 
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The  valae  of  a  wine  doee  not,  as.  is  well  known,  depend  upon 
its  percentage  of  alcohol  Thua,  the  price  of  CMteau  Lafitte 
containing  only  S'7  per  cent,  is  much  higher  than  any  ordinary 
port  containing  about  20  per  cent  So,  too,  the  percentile  of 
sugar  and  of  ocida  contained  in  the  wine  may  be  almost 
identical  in  the  case  of  different  wines  of  the  same  class,  as  for 
instance,  in  clarets,  but  the  value  of  these  various  clarets  may 
be  very  different  On  the  other  band,  it  appears  that  the  total 
amount  of  solid  constituents  contained  in  a  pure  wine  bears  a 
very  distinct  relation  to  its  value,  which  is  also  of  course  greatly 
determined  by  its  bouquet 

In  order  to  show  the  presence  of  alcohol  in  beer  or  wine  the 
liquid  may  be  boiled  in  a  flask  having  a  tube  1|  m.  long  and 
1  cm.  vide  fostened  to  it,  and  which  serves  as  a  rectifying 
column  so  that  the  alcohol  vapour  becomes  so  concentrated  that 
it  may  be  lighted  at  the  end  of  the  tube.* 

When  pure  alcohol  is  takeu  in  small  quantities  in  the  form 
of  good  beer  or  pure  wine  it  appears  to  imjvove  the  diges- 
tion by  an  increase  of  the  secretion  of  the  gastric  juice. 
Especially  for  old  persons  and  those  having  weak  digestions 
it  is  useful,  and  indeed  wine  and  spirits  are  frequently  termed 
the  milk  of  old  age.  In  large  doses  however  it  acts  as  a 
powerful  poison. 

After  the  imbibition  of  alcohol  small  quantities  of  this  sub- 
stance are  found  in  the  urine.  * 

The  feeling  of  warmth  experienced  after  indulgence  in  alcohol 
is  a  subjective  phenomenon,  as  the  t^nperature  of  the  body  sinks 
under  such  circumstances  from  0*5  to  2*'0,  according  to  the 
quantity  of  alcohol  taken.'  If  alcohol  be  taken  during  a 
meal  no  such  diminution  of  temperature  is  observed.* 

The  higher  homoli^es  of  ethyl  alcohol  exert  a  still  more 
distinct  physiological  action  than  common  alcohol  does,  and  to 
these  is  especially  to  be  ascribed  the  evil  effects  which  ensue 
from  an  indulgence  in  common  brandy.'  Manufactured  wine 
also  produces,  even  when  taken  in  small  quantity,  headache 
and  unpleasant  symptoms,  whilst  pure  wine  does  not  produce 
these  effects  unless  it  is  taken  in  excess.  "Wine  is  manufactured 


'  Binz.  Ber.  Dndteh.  Chen.  Go.  v.  lOSS. 

•  VtiAta,  Proe.  Jloj/.  Soc.  xiU.  1T2. 

*  J>tuinUn'BMiimrti  tnd  Andigi,  Comft.  Said.  Imj.  1S1 
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by  Gall's  process  hj  the  addition  of  starch  sugar  before  fer- 
mentation to  a  grape-must  poor  in  BUgar.  The  starch  sugar  is 
obtained  from  potato-starch,  and  is,  bovrever,  not  pure,  bat  leaves 
behind  a  quantity  of  unfennentable  residue,  which,  as  experi- 
ments with  dogs  have  shown,  acts  in  a  similarly  poisoaous 
manner  to  potato  fusel  oil.' 

310  Uses  of  Alcohol  in  the  Arts. — Pure  as  well  as  impure 
spirit  of  wine  is  used  for  a  great  variety  of  purposes.  In  the 
first  place,  strong  alcohol  is  largely  employed  as  a  fuel,  as 
it  readily  burns  with  a  oon-luminous  and  smokeless  flame. 
Before  Bunsen  invented  his  well-known  gas-lamp,  spirit-lamps 
were  in  general  use  in  almost  all  laboratories. 

In  the  second  place,  it  is  largely  employed  both  in  the  arts 
and  in  scientiEc  investigations  as  a  solvent,  and  as  a  means  of 
separating  one  substance  from  another.  This  depends  on  the 
fact  that  many  bodies  which  are  insoluble  or  difficuhly  soluble 
in  water,  dissolve  in  alcohol,  and,  on  the  other  hand,  that  many 
substances  readily  soluble  in  water  do  not  dissolve  in  this 
menstruum.  Thus,  for  example,  tho  carbonates  and  sulphates 
of  the  metals  are  insoluble  in  alcohol;  whibt  some  chlorides, 
bromides,  and  iodides  readily  dissolve,  others  again  not  possess- 
ing this  property.  Baymond  Lully  observed  loi^  ago  that  this 
substance  creates  a  turbidity  in  a  solution  of  ammonium 
carbonate :  "  Hie  etiam  spiritus  (animalis)  habet  proprietatem 
coogelandi  spiritus  vcgetabilia  vel  aquam  vitsa  perf«cte  rectifi- 
catum.  Nam  earn  in  salem  convertit,  qui  plurimas  proprietates 
et  virtutes  excellentisaimas  habet."  Bo^le  showed  in  1675  that 
strong  alcohol  precipitates  a  saturated  solution  of  common  salt, 
and  Boulduc  in  1726  employed  alcohol  for  the  separation  ot 
salts  in  mineral-water  analysis.  In  1762  Macquer  determined 
more  exactly  the  solubility  of  many  salts  in  alcohol,  and 
Lavoisier,  as  well  as  Bergmann,  used  this  solvent  in  their 
analytical  researches.  At  the  present  day  its  employment  in 
analysis  is  somewhat  restricted.  It  is,  however,  used  in 
qualitative  analysis  for  the  separation  of  strontium  chloride 
from  barium  chloride,  and  in  quantitative  analysis  for  washing 
precipitates  which  are  slightiy  soluble  in  water,  such  as  load 
sulphate,  lead  chloride,  potassium  platinichloride,  ammonium 
platinum  chloride,  &c. 

Spirit  of  -wine  is  likewise  employed  in  the  laboratory  for  the 

purification  of  commercial  caustic  potash  which  dissolves  in  i^ 

J  SohiDidt,  BUOmh.  CinfaWW.  187B,  712. 
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leaving  a  residue  of  carbonate,  sulphate,  alununa,  &c.  Anaongat 
the  solid  and  liquid  elements,  phosphonia  and  sulphur  dissolve 
slightly  in  alcohol,  and  iodine  and  bromine  to  a  much  larger 
extent 

Some  gases  are  absorbed  by  alcohol  even  in  longer  quantity 
than  by  water.  In  this  respect  the  hydrocarbons  are  especially 
distinguished.  The  coefBcients  of  absorption  of  the  different 
gases  in  alcohol  have  been  determined  by  Carius.^ 

Alcohol  is  used  as  a  solvent  especially  fur  ethereal  oils,  resina, 
alkaloids,  and  many  other  carbon  compounds  which  are  insoluble 
or  difficultly  soluble  in  water.  For  this  reason  it  is  em- 
ployed in  the  preparation  and  purification  of  such  compounds, 
and  it  is  also  used  for  the  manuGuture  of  tinctures,  essences, 
liqueurs,  perfumes,  colours  of  various  kinds,  varnishes,  lacs, 
polishes,  &c. 

Meihylaied  Spirit. — Fcr  most  of  the  above  purposes  methylated 
sprit  is  employed  instead  of  pure  alcohol.  In  this  country  a 
heavy  excise  duty  on  spirit  of  wine  has  always  existed,  and 
the  manufacture  and  sale  of  this  aiticle  is  placed  under  strict 
supervision.  Hence  many  branches  of  manufacturing  industry, 
as  well  OS  the  investigations  of  the  scientific  chemist,  were,  in 
this  country,  much  impeded,  until  in  lSo6  the  late  Mr.  John 
Wood,  Chairman  of  the  Board  of  Inland  Revenue,  obtained 
Government  permission  for  the  manufacture  of  inetkylated  spirit 
vrhtch  is  sold  by  licensed  dealers  free  of  duty,  lliis  substance 
is  a  mixture  of  90  per  cent,  of  spirit  of  wine  of  density  not  less 
than  0'830  sp.  gr.,  and  10  per  cent,  of  purified  wood-spirit.  Such 
a  mixture  is  unfit  for  human  consumption,  and  the  wood-spirit 
cannot  again  be  separated  from  the  s[Hrit  of  wine  by  any 
commercial  process. 

Methylated  spirit  is  largely  used  instead  of  pure  spirit  in  the 
manufacture  of  the  aniline  colours  as  well  as  of  ether,  chloro- 
form, fulminating  mercury,  iodide  of  ethyl,  olefiant  gas,  and  a 
number  of  other  substances.  The  same  mixture  is  used  for  the 
preservation  of  anatomical  preparations,  and  of  small  animals 
and  other  zoological  specimens. 

The  possibility  of  thus  obtaining  cheap  alcohol  has  moreover 
(ene6cially  influenced  the  recent  progress  of  organic  chemistry 
in  this  country.* 

'  Avn.  Ohem.  Pharm.  icit.  129. 

*  "Rfp^t  to  the  Churman  ot  Inland  Rerennfl  nn  tbs  Supply  of  Sprit  Tn* 
from  Datj,"  hj  Profenon  Graham,  Hofmnnn,  and  Redwood,  Quart.  Jonm.  Chem. 
Sec  Tiii.  120  (18S6)> 
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211  Detection  of  Alcohol.- — In  order  to  detect  smal  1  quantities  of 
alcohol  in  an  aqueous  liquid,  it  is  gently  warmed,  a  few  ciTstals 
of  iodine  added,  and  then  bo  much  caustic  potash  that  the 
solution  just  becomes  colourless,  when,  either  at  once  or  after  a 
short  time,  a  bright  yellow  precipitate  of  iodoform  is  thrown 
down.  In  this  way  one  part  of  alcohol  may  be  detected  in 
2,000  potts  of  water,  hut  in  the  case  of  such  dilutions  the  liquid 
must  be  allowed  to  stand  for  a  night  in  order  to  allow  the  pre- 
cipitate lo  subside.  The  deposit  consists  of  microscopic  six- 
nded  tablets  or  six-sided  stellar  groups.' 

Alcohol  may  be  detected  in  presence  of  ether,  cblorofi»tu,  &c., 
by  withdrawing  it  from  such  liquids  1^  shaking  with  water,  and 
then  acting  on  the  aqueous  extract  as  abore  described.  It  must, 
however,  not  be  forgotten  that  several  other  substances  yield 
iodoform  by  the  same  reaction. 

Another  good  reagent  for  alcohol  is  benzoyl  chloride.  If  a 
few  drops  of  this  be  added  to  dilute  alcohol  and  the  mixture 
gently  warmed,  ethyl  benzoate  is  formed.  As,  however,  the 
chloride  is  only  slightly  decomposed  by  water,  it  is  better  to  add 
caustic  potash  when  the  characteristic  smell  of  the  ether  is 
rendered  evident.  By  means  of  this  reaction  0*1  per  cent,  of 
alcohol  may  be  detected.^  It  must,  howover,  be  remembered 
that  other  alcohols  treated  in  the  same  way  yield  ethers 
possessing  a  similar  smell. 

If  large  quantities  of  an  aqueous  liquid  have  to  be  examined 
for  alcohol,  it  is,  of  course,  best  to  fractionate  the  liquid,  the  first 
portions  coming  over  being  collected  and  concentrated,  until, 
on  addition  of  potassium  carbonate,  a  layer  of  light  liquid 
separates  out,  which  then  can  be  further  examined  (Lieben). 

In  order  to  detect  the  presence  of  fusel  oil  in  spirits  of  wine, 
the  simplest  |Jan  is  to  pour  a  few  drops  on  to  the  band  and  rub 
the  palms  t<^ether,  when  evaporation  takes  place,  and  the  more 
difficultly  volatile  fusel  oil  remains  on  the  skin  uid  can  readily 
be  detected  by  its  unpleasant  smell.  A  more  reliable  process, 
however,  ia  to  allow  the  liquid  gradually  to  evaporate  in  an 
open  glass  dish,  and  then  to  notice  the  smell  of  the  residue. 
Ab  fusel  oil  consists  chiefly  of  higher  homologues,  the  spirit 
under  examination  may  be  oxidized  by  tlie  action  of  a  solu- 
tion of  potassium  dichromate  in  dilute  sulphuric  acid,  when 
acetic  acid  is  mainly  produced,  together,  however,  with  its 
i.  SI  8, 877. 
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bomologoeB.  if  faael  oil  be  present.  These  latter,  in  contradistinc* 
tioD  to  acetic  aoid,  distil  over  first  with  the  aqueous  vapoiir,  and 
from  the  amell  of  the  first  portioDs  of  the  distillate  it  is  ofleD 
possible  to  detect  the  presence  of  the  higher  homol<^es  of 
acetic  acid.  A  more  certain  plan  is  t«  saturate  the  acid  dis- 
tillate with  baryta-water,  and  to  determine  the  quantity  of 
baryta  contained  in  the  salts  produced.^ 

It  sometimes  happens  in  this  country  that  the  unpleasant 
smell  of  the  methylated  apirit  is  partially  removed  by  means  of 
acids  or  oxidizing  agents,  sad  ^at  the  spirit  thus  obtained, 
though  still  containing  methyl-alcohol,  is  sufficiently  tasteless 
to  be  used  for  adulterating  the  commoner  kinds  of  whisky  and 
other  alcoholic  liquors.  According  to  Dupr4  such  an  adultera- 
tion may  be  detected  by  Qeissler's  vaporimeter,  as  the  tension 
of  methyl  alcohol  is  much  higher  than  that  of  spirits  of  wine. 
Its  presence  may  also  be  ascertained  by  oxidizing  the  spirit  as 
above  described ;  in  presence  of  methyl  alcohol  an  evolution  of 
carbon  dioxide  is,  under  these  circumstances,  observed. 

Methyl  alcohol,  as  well  as  its  various  derivatives,  are  largely 
osed  (as  has  been  already  stated)  for  the  preparation  of  aniline 
colours.  The  wood-spirit  used  for  this  purpose  must,  however, 
not  contain  any  ethyl  alcohol,  as  the  presence  of  this  substance 
greatly  influences  the  shades  of  the  coloura  produced.  In  order 
to  detect  its  presence  the  alcohol  is  treated  with  permanganic 
acid,  which  oxidizes  the  methyl  alcohol  to  carbonic  acid  and  the 
ethyl  alcohol  to  aldehyde.  The  mixture  is  then  distilled,  and  a 
solution  of  rosaniline,  rendered  acid  by  sulphuric  acid,  added 
to  the  distillate.  If  the  methyl  alcohol  be  pure  this  will 
remain  yellow,  but  in  the  presence  of  aldehyde  it  becomes 
violet  or  blue  coloured.*  The  alcohol  to  be  tested  may  also  be 
heated  with  double  its  volumo  of  concentrated  sulphuric  acid, 
whereby  the  methyl  alcohol  is  converted  into  methyl  ether,  and 
this  is  readily  soluble  in  water  and  concentrated  sulphuric  acid, 
whilst  ethyl  alcohol  is  almost  entirely  resolved  into  olefiant  gas, 
which  is  ouly  slightly  soluble  in  water  and  dissolves  but  slowly 
in  sulphuric  acid,  and  is  easily  recognised,  and  its  quantity  ascer- 
tained by  its  reaction  with  bromine.  The  other  bodies  usually 
present  in  common  wood-sjnrit  do  not  yield  any  ethylene,  and  in 
this  way  1  per  cent,  of  alcohol  may  bo  readily  detected.* 

'  Dupri,  Pharm.  JouriL  Tmiu.  (8)  yi  887. 

*  Richs  ftnd  Bardy,  Compt.  Bend,  lixzii  7SS. 

*  B«rthelDt,  Comja,  Smd.  1*"   1030. 


)vGooi^lc 


820  THE  ETHYL  GROUP. 

313  Deeompositiona  of  Alcohol. — Alcohol  serves  aa  a  point  of 
departure  for  all  other  ethyl  compounds.  These  can  be  obtained 
&om  it  by  various  reactions,  and  hence  the  action  of  chemical 
^ents  on  alcohol  has  been  moat  carefully  examined.  In  somo 
of  these,  the  radical  ethyl  remains  unchanged,  whilst  in  other 
reactions,  however,  the  radical  undergoes  alteration.  Thus, 
for  example,  by  a  moderate  oxidation,  aldehyde,  CjH^O,  and 
acetic  acid,  CjH^Og,  are  formed.  This  change  can  also  be 
brought  about  by  the  oxygen  of  the  air,  but  not  immediately, 
for  concentrated  as  well  as  dilute  spirit  of  wine  are  not  at- 
tacked at  the  ordinary  temperature  by  oxygen.  If,  however, 
platinum-block  be  mixed  with  alcohol,  or  if  this  powder  be 
placed  on  paper  and  moistened  with  alcohol,  oxidation  takes 
place,  accompanied  by  an  evolution  of  heat  and  followed  by 
ignition  of  the  alcohol.  Addition  of  water  diminishes  the 
intensity  of  this  action.  Upon  this  observation  of  Edmund 
Davy's,  Diibereiner  founded  his  vinegar-lamp.  This  consists 
of  a  flask  filled  with  alcohol,  in  the  neck  of  which  is  fJoced  a 
glass  funnel,  upon  which  slightly  moistened  platinum-black 
is  spread,  whilst  a  picco  of  cotton  wick  brings  the  alcohol  into 
contact  with  this  powder.  The  flask  or  bottle  stands  on  a 
dish,  over  which  a  glass  bell-jar  is  bo  placed  that  a  small 
amouDt  of  air  is  allowed  to  enter.  In  this  way  the  alcohol 
undergoes  oxidation,  the  vapour  of  acetic  acid  being  formed, 
and  this  gradually  collects  on  the  inside  of  the  bcll-j.'ir.  Accord- 
ing to  Dobereioer,  platinum-black  used  in  this  way  is  on 
excellent  means  of  detecting  small  traces  of  alcohol.  If  a  drop 
of  alcohol  be  allowed  to  evaporate  in  50  or  60  cbc  of  air  and 
a  small  quautity  of  platinum- block  put  into  this,  the  formation 
of  acetic  acid  can  be  readily  noticed.^ 

'When  strongly  heated  platinum  wire  or  platinum  foil  is 
brought  into  a  mixture  of  air  and  alcohol  vapour,  the  metal 
gradually  becomes  heated  to  redness  (Vol.  II.  Fart  II.  p.  307). 

Whilst  pure  alcohol  does  not  undergo  spontaneous  oxidation 
on  exposure  to  air,  beer  or  wine  soon  becomes  sour  with 
formation  of  acetic  acid.  This  depends  on  the  presence  of  nitro- 
genous bodies,  which  act  as  carriers  of  oxygen  from  the  air  to 
the  alcohol 

OxidiuDg  bodies,  according  to  their  nature  and  the  mode  in 

which  they  act,  convert  alcohol  into  other  products  in  addition 

to  alcohol  and  acetic  acid.     Thus,  for  example,  if  strong  nitric 

1  Gmelin'i  Bandboiae,  vuu  207. 
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acid  be  added  to  alcohol,  an  explosive  action  takes  place,  and, 
in  addition  to  the  oxidea  of  mtn^en  and  the  above-named  com- 
pounds, we  find  amongst  the  products  ethyl  nitrate,  formic  acid, 
oxalic  acid,  hydrocyanic  acid,  &c.  A  more  moderate  action 
yields  chiefly  glycollic  acid,  and  aldehydes  of  oxalic  acid. 

A  mixture  of  dilute  sulphuric  acid  and  manganese  dioxide, 
as  veil  as  a  solution  of  chromium  trioxide,  yield  acetal, 
C,H^(OCjHb)^  together  with  aldehyde  and  acetic  acid.  I^ 
however,  strong  alcohol  be  dropped  on  to  dry  chromium  tri- 
oxide, ignition  and  complete  oombuation  take  place. 

Alcohol  is  also  readily  acted  upon  by  chlorine  and  bromine, 
oxidation-products  being  first  formed  and  then  substitution- 
products  being  produced,  the  description  of  which  will  be  found 
later  on. 

Alcohol  vapour  may  be  heated  to  300°  without  decomposition 
occurring.  At  a  red-heat,  however,  dry  distillation  commences, 
hydrogen,  marsh  gas,  ethylene,  acetylene,  benzene,  naphtha- 
lene, carbon  monoxide,  aldehyde,  acetic  acid,  phenol,  &c,  being 
produced  (Berthelot}. 


The  Alcoboiatks. 

313  Thisname  was  given  by  Graham  to  compounds  discovered 
by  him  in  1828,^  and  formed  by  the  combination  of  anhydrous  salts 
with  alcohol,  the  latter  substance  playing  the  part  of  water 
of  crystallization.  Other  chemists  have  increased  our  know- 
ledge of  these  compounds,^  and  from  these  investigations  it 
appears  that  only  those  salts  form  alcoholates  which  are  easily 
soluble  in  water,  and  which  usually  contain  water  of  crystal- 
lization. The  following  are  some  of  the  more  important  of 
these  : 

LiCI  -I-  iC^gO,  is  formed  with  evolution  of  heat  when  lithium 
chloride  is  brought  into  contact  with  absolute  alcohol.  It 
crystallizes  on  cooling  in  nacreous  glistening  prisms. 

CaClj+4CjHgO,  is  produced  in  the  same  way  as  the  foregoing 
compound,  and  forma  a  white  crystalline  mass. 

iisC^t  +6CjHgO  corresponds  closely  to  the  lithium  compound 
and  is  very  deliquescent. 

<  PhU  Mag.  W.  26S,  SSI. 

»  Chodnsv,  Ann.  Chem.  Pharm.  Ixii.  2*1 ;  Levy,  Ann.  Chijn.  Fhy*.  [S\,  xri. 
SOS ;  Bobiqnct,  Jotm.  dt  Pharm.  [S],  zzvi.  161  )  tie  I.uynes,  Joitm,  Pr.  Chnn, 
Izxx.  S03 ;  Baiwr,  i».  Izzz.  SSI ;  Simon,  ib.  [2J,  zz.  S71. 
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Mg(N0g)i+6CjHB0  forma  a  pearly  crystalline  mass, 
la  addition  to  these,  many  other  t^lorides  and  nitrates,  as  well 
as  certain  bromides,  form  alcoholates. 

ETHTLA.TES. 

314  These  c^mponnds  are  formed  from  alcohol  by  the  replace- 
ment of  the  hydrogen  of  the  hydroxyl  by  metals,  and  this  may 
be  accomplished  ia  a  variety  of  ways.  The  etbylates  are  readily 
decomposed  by  water  with  formation  of  alcohol  and  the  cor- 
responding  hydroxide. 

Potassium  Ethylate,  CjHjOK.  Potassium  dissolves  in  abso- 
lute alcohol  with  evolution  of  heat  and  liberation  of  hydrogen. 
Transparent  colourless  ctystals  separate  out  on  cooling  the  con- 
centrated solution,  and  these  contain  alcohol  of  crystallization. 

Sodium  EtKylate,  CjHjONa,  ia  obtained  in  a  similar  way,^ 
and  fonns  a  mass  consisting  of  transparent  needles,  which 
have  the  composition  C^HgONa  -f  SC^HaO.  The  alcohol  of 
crystallization  is  easily  lost  in  a  vacuum  over  sulphuric  acid. 
Wanklyn  obtained  crystals  of  the  formula  CjIIgONa  +  3CjHgO. 
melting  at  100' without  losing  their  alcohol  of  crystallization, 
which,  however,  escapes  at  a  higher  temperature,  and  is  com- 
pletely driven  off  on  heating  to  200'.  The  compound,  free  from 
alcohol,  is  a  light  amorphous  powder,  which,  when  prepaired  in 
absence  of  air,  is  perfectly  white,  and  may  be  heated  to  290° 
without  any  decompoailion  taking  place.* 

ThaUinm  Ethijlale,  C^HjOTl,  is  formed  by  the  action  of 
alcohol  vapour  on  finely  divided  thallium.  It  is  a  colourless  hquid 
having  a  specific  gravity  of  3'55,  and  possessing  a  refracting 
power  as  strong  as  that  of  carbon  disulphide.  It  solidifies  at 
—  3°,  and  is  easily  infiammable,  burning  with  a  bright  greon 
flame.' 

Barium,  EthykUe,  {Q^fi)^a,,  is  formed  by  dissolving  anhy- 
drous baryta  in  absolute  alcohol  and  boiling,  when  a  precipitate 
is  thrown  down.  This  must  be  dried  at  100°  in  a  current  of 
l]ydr<^en,  and  ia  difficult  to  obtain  in  the  pure  state.* 

Zinc  EViylaU,  (CjHjO}jZd,  is  a  white  amorphous  mass  formed 
by  the  slow  oxidation  of  zinc  ethide. 

'  GD«Tin  Vony,  Joam.  S>riaiee  Phip.  iiL  S79. 
«  Wanklyn,  PkU.  Mag.  {i\,  ixnu.  117. 
»  Lsuiy,  Compt.  Ratd.  ix\:  33tf ;  liz.  780. 
*  Benhelot,  Bull.  Soc.  Chim.  [2],  viiL  8S9. 
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Aluminium  Ethylate,  (CjHgO)^!^  This  is  formed  by  the 
acUon  of  iodioe  and  fine  alummium  foil  on  alcohol,  hydrogen 
being  giren  off,  whilst  the  compound  (CjHgO),AI,I,  is  also  formed 
in  Bmall  quantities ;  when  the  whole  is  heated  to  270°,  the  latter 
compound  decomposes  into  ethyl  iodide  and  alumina.  If  the 
residue  be  distilled  in  a  vacuum,  or  under  diminished  pressure, 
aluminium  ethylate  passes  over,  solidifying  to  a  yellowish  white 
mass,  melting  at  115',  and  boiling  at  the  same  temperature  as 
mercury.!  It  is  somewhat  soluble  in  absolute  alcohol,  and  is 
quickly  decomposed  by  water. 


ETHYL  ETHER  OR  ETHYL  OXIDE. 

3Z5  Baymond  Lully,  as  well  as  Basil  Yalentine,  examined 
the  action  of  sulphuric  acid  upon  spirit  of  wine,  and  hence  it  is 
generally  assumed  that  they  were  acquainted  with  ethyl  oside,  or 
ether,  as  it  is  still  generally  termed.  This  is  possible,  for  Basil 
Valentine  speaks  of  a  spirit  obtained  in  this  way  which  has 
a  "  subtle,  penetrating,  pleasant  taste,  and  an  agreeable  smell." 

We  owe  OUT  special  knowledge  of  the  existenco  of  ether  to 
Valerius  Cordus,  a  German  physician,  who  died  in  Italy  in 
1544.  His  process  for  the  preparation  of  this  body  was  pub- 
lished by  Conrad  Oessner  in  1552,  and  occurs  in  the  later 
editions  of  the  first  German  Fharmacopsia,  this  work,  which 
was  first  published  in  1535,  having  been  re-edited  by  Cordus 
at  the  request  of  the  Council  of  Nuremberg.  According  to 
this  receipt,  equal  parts  of  thrice  rectified  spirit  of  wine 
and  oil  of  vitriol  are  allowed  to  remain  in  contact  for  two 
months,  and  then  the  mixture  is  distilled  iiom  a  water*  or  sand- 
bath.  The  distillate  consbts  of  two  layers  of  liquid,  of  which 
the  upper  one  is  the  oleum  vilrioli  dvlce  veram. 

Various  chemists  mention  this  body,  but  at  the  beginning 
of  the  eighteenth  century  the  details  of  its  preparation  appear 
to  have  been  almost  entirely  lost,  although,  at  this  period,  a 
mixture  of  spirit  of  wine  and  ether  was  used  in  medicine; 
indeed  it  seems  not  improbable  that  Paracelsus  employed  such 
a  mixture.     It  was,  however,  first  brought  into  commerce  by  an 


I,  J<mm.  Chan.  Soe.  1ST6, 1.  1E8. 
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apothecary  in  Halle,  under  the  tuime  of  Panacea  Vitrioli,  aod 
afterwards  having  been  recommended  by  HoffmanD,  it  received 
the  name  of  Liquor  anodynut  Hoffmanni,  or  Hodmanu's  drops. 
Under  this  name  it  soon  became  generally  known,  and  even  to 
the  present  time  is  thus  designated  in  Germany.  The  pre- 
paration of  this  medicine  vas  long  kept  secret,  and  the  positive 
existence  of  ether  was  not  proved  until  it  vas  iirst  prepared 
free  &om  spirit  of  wine,  and  then  it  was  found  that  it  swims 
on  the  suriace  of  water,  and  is  not  miscible  with  this  liquid. 

In  1730  Sigismund  Augustus  Frobeniua  published  a  meradir 
in  the  Philosophical  Tranaadiatu}  entitled,  "  Of  a  spiritua  vini 
athereui,"  in  which  he  describes,  in  general  terms,  the  pre- 
paration of  this  compound,  though  without  giving  any  details. 
He  manufactured  the  ether  in  Godfrey  Hanckewitz'a  laboratory, 
and  as  be  sold  it  at  a  high  price,  he  endeavoured  to  keep  the 
process  a  secret  one,  and  in  forwarding  some  of  the  new  substance 
to  St  F.  Geofiroy,  he  writes,  after  extolling  its  virtues,  as 
follows :  "  Paratur  ez  sale  volatili  urinoso,  plantarum  phlogisto, 
aceto  valde  subtili,  per  summam  fermentationem  cunctis  sub- 
tillissime  resolutis  et  unitis."  On  the  I8th  November,  1731, 
be  made  experiments  with  ether  and  phosphorus  before  a 
meeting  of  the  Royal  So<aoty,  which  are  thus  described 
by  Dr.  Mortimer,  the  secretary :  *  "  He  took  a  solution  of 
phosphorus  in  the  ethereal  spirit  of  wine,  which  he  called 
Liquor  luminosut,  and  poured  it  into  a  tub  of  warm  water, 
whereupon  it  gave  a  blue  Same  and  smoke,  attended  with  bo 
small  a  d^;ree  of  heat  as  not  to  bum  the  hand  if  put  into  it. 
He  poured  some  of  his  ethereal  spirit  of  wine  upon  a  tub  of 
cold  water  and  set  it  on  fire  with  the  point  of  hia  dagger  (which 
being  fii'st  heated  a  little,  he  touched  with  it  a  piece  of  phos- 
phorus lodged  beforehand  on  the  side  of  the  tub).  After  the 
deflagration  the  water  was  cold." 

In  bb  second  communication  to  the  Society  he  described 
more  fully  hie  method  for  the  preparation  of  ether ;  this  descrip- 
tion was,  however,  at  his  request  not  made  public  until  after  his 
death  in  1741,  when  the  following  receipt  was  published  by  the 
secretary :  * 

"  Take  4  lbs.  in  weight  of  the  best  oil  of  vitriol,  and  as  much 
in  weight  (not  measure)  of  the  best  alcohol,  or  the  highest 
rectified  spirit  of  wine. 

'  mri.  283,  Fob,  19, 1729-80.  '  Phil.  Traia.  Abatr.  ix.  872. 

■  Phil.  Tratu.  Abridg,  ix.  380. 
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"  1.  First,  pour  the  alcohol  into  a  cboeeu  glass  retort,  then 
pour  in,  by  littlo  and  little,  ^  of  oil  of  vitriol ;  tbeo  shake  the 
retort  till  the  two  liquors  are  thoroughly  loized,  when  the  retort 
will  begin  to  grow  warm ;  then  pour  in  more  of  the  spirit  of 
vittiol,  and  shake  it  again ;  then  the  retort  will  become  very 
hot  Do  not  pour  in  the  spirit  of  vitriol  too  fast,  or  too  much 
at  a  time,  lest  the  glass  retort,  by  being  heated  too  suddenly, 
should  bnrst ;  you  must  allow  about  an  hour's  time  for  pouring 
in  the  spirit  of  vitriol,  not  pouring  in  above  an  ounce  at  a  time, 
and  always  shaking  the  retort,  till  the  whole  quantity  of  the 
ponderous  mineral  spirit  is  intimately  united  with  the  light 
inflammable  vinous  spirit. 

"  2.  In  the  next  place,  examine  with  your  hand  the  heat  of 
the  glass  retort,  and  have  a  furnace  ready,  with  the  sand  in 
the  iron  pot  heated  exactly  to  the  same  degree  as  acquired 
by  the  mixture  of  the  two  liquors ;  take  out  some  of  the 
sand,  and,  having  placed  your  retort  in  the  middle  of  the  iron 
pot,  put  in  the  hot  sand  ^aio  round  the  retort,  and  apply  a. 
capacious  receiver  to  it ;  set  it  into  cold  water,  and  wrap  it  over 
with  double  flannel  dipped  in  cold  water. 

"  Raise  your  fire  gradually,  that  the  drops  may  fall  so 
bst  that  you  may  count  five  or  six  between  each,  and  that, 
beside  this  quick  discharge  of  the  drops,  the  upper  hemisphere 
of  your  receiver  appear  always  filled  with  a  white  mist  or 
fumes;  continue  this  heat  as  long  as  they  emit  the  scent  of 
true  maTJoram.  As  soon  as  the  smell  changes  to  an  acid, 
suffocating  one,  like  that  of  brimstone,  take  out  the  fire 
and  lift  the  retort  out  of  the  Band,  and  change  the  receiver, 
for  all  that  arises  afterwards  is  only  a  mere  gas  of  brimstone, 
and  of  no  use. 

■  If  you  do  not  use  the  greatest  precaution,  the  liquor  in  the 
retort  will  run  over ;  the  fire  must  cease  as  Eoon  as  the  ethereal 
spirits  are  gone  over,  for  there  remains  behind  an  tJeum,  vini, 
which  is  extracted  by  the  fotce  of  the  acid  out  of  the  spirit, 
which  will  arise,  run  over,  and  often  cause  explosions. 

"  The  Eecond  day,  when  your  glass  is  cold,  infuse  the 
remainder  with  half  as  much  alcohol,  and  distil  again  as 
before,  and  you  will  have  the  same ;  the  third  day  again 
with  as  much,  and  proceed  as  at  first,  it  gives  it  again.  Go 
on  as  long  as  you  can  obtain  any  (of  the  ethereal  spirit) 
till  all  turns  to  a  earbo ;  then  separate  it,  and  alcalize  it  with 
spirits  of  lali  armoniae  made  without  spirits  of  wine,  till  all 
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-effervescence  ceases,  aad  diatil  it  once  more  i  Btdneo  Marias; 
80  is  it  read;  for  experiments." 

This  mode  of  nmkiDg  ether  was  soon  pretty  generally  adopted ; 
Tarious  German  and  French  chemists  having  occupied  ^em- 
selves  with  the  preparation  of  this  body.  Amongst  the  more 
complete  descriptions  of  the  substance  may  be  mentioned 
Baum^'s  Diaertaiion  but  tether  (1757). 

By  reason  of  its  easy  inflammabihty  it  was  also  called  at  this 
time  "  naphtha,"  a  name  originally  given  to  rock-oil,  whilst  at 
the  same  time  it  was  termed  vitriolic  ether,  sulphuric  ether,  or 
eiktr  evlphuricits,  and  vitriol-naphtha,  or  lutphtka  vitrudi,  inas- 
much as  it  was  obtained  by  the  action  of  sulphuric  acid  on 
alcohol  in  much  the  same  way  as  other  similar  volatile  ethereal 
liquids  are  prepared  by  the  action  of  other  adds  on  alcohol. 

In  1800  Vf^entin  Eose'  showed  that  the  name  sulphuric- 
ether  is  a  misleading  one,  inasmuch  as  this  substance  does  not 
contuQ  any  sulphur  or  sulphuric  acid.  Fourcroy '  was  the  first 
to  propound  the  idea  that  ether  is  formed  from  alcohol  by  the 
withdrawal  of  the  elements  of  water;  and  he  and  Vauquelin* 
endeavoured  to  enforce  this  view  by  experiments,  the  results  of 
which  were  confirmed  in  1807  by  Saussure's  analysis  of  ether, 
and  subsequently  by  Qay  Lussac's  analysis  in  1815.  It  was  then 
beUeved  that  the  action  of  sulphuric  acid  upon  alcohol  could  be 
simply  explained  by  the  fact  that  this  acid  removed  from  the 
alcohol  either  the  elements  of  water,  or  water  already  present 
in  the  compound.  Many  fiicts,  however,  contradicted  this  view. 
Thus,  as  we  have  seen,  Frobenius  had  observed  that  the 
residue  in  the  manufacture  of  ether  may  again  be  employed 
for  a  further  conversion  of  alcohol  into  ether,  a  fact  which  was 
confirmed  by  many  other  chemists,  and  especiaUy  by  Cadet 
in  1774. 

By  the  introduction  of  a  simple  process  of  manufacture  the 
price  of  ether  was  considerably  diminished,  as  is  seen  from  a 
discussion  between  Beaumd  and  Cadet,  in  which  the  former 
criticised  the  new  method  of  Cadet,  and  the  latter  stated  that 
whilst  Beaum4  sold  the  compound  at  twelve  livres  per  ounce, 
he  charged  only  forty  sous  for  the  same  quantity. 

It  is  to  Boullay  *  that  we  owe  the  discovery  of  the  continuous 
process  i|ow  universally  employed  for  the  manufacture  of  ether, 
depending  on  the  iact  that  a  small  quantity  of  sulphuric  acid 
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is  eofficient  to  coovert  a  Wge  quantity  of  spirit  of  wioe  into 
ether.  From  this  observation  it  appears  vety  improbable  that 
aulphuric  acid  acts  in  this  case  simplj  as  a  hygroscopic  sub- 
stance ;  indeed,  it  soon  became  evident  that  this  explanation  was 
insufficient,  because  it  vas  found  that  the  whole  of  the  water 
produced  in  the  reaction  distils  over  together  with  the  other, 
and  it  can  scarcely  be  imagined  that  the  sulphuric  acid  firat 
exerts  its  power  of  removing  water  from  the  alcohol  and  then 
immediately  parts  with  the  water  again  which  distils  over  with 
the  ether. 

3i6  Theoria  of  Etherijieaium, — As  in  many  other  reactions 
where  a  sufficient  explanation  is  wanting,  chemists  (as  well  as 
other  men)  have  long  been  in  the  habit  of  taking  refdge  in  a 
najne,  and  this  peculiar  action  of  the  sulphuric  acid  was  termed 
a  catalytic  or  contact  action, 


This  catalytic  hypothcMS  was  first  proposed  by  Mitscher- 
Ucfa,'  and  Berzelius  gav^  his  adhesion  to  the  view.  These 
observers  omitted,  however,  to  notice  that  the  firat  action 
of  sulphuric  acid  on  alcohol,  in  the  manufacture  of  ether,  is 
*the  production  of  sulphoTiuic  acid  (hydrogen  ethyl  sulphate). 
This  fact  did  not,  however,  escape  the  observation  of  Hennell, 
who  found  that  a  concentrated  solution  of  this  acid  yielded 
«tber  on  distillation ;  whilst  a  dilute  solution,  on  similar  treat- 
ment, yielded  only  alcohol.  This  subject  was  more  care- 
fully investigated  by  Liebig,*  who  came  to  the  conclusion 
that  ethyl  sulphuric  acid  which  is  first  formed,  decomposes  at 
a  temperature  of  126*  to  140°  into  ether,  sulphuric  acid,  and 
anhydrous  sulj^uric  acid  (sulphur  trioxide),  this  latter  com- 
bining instantly  with  the  water  formed  in  the  reaction  with 
production  of  sulphuric  acid ;  this  again  forming  ethyl  sulphuric 
acid  witii  the  alcohol,  which  is  being  constantly  added.  This, 
according  to  Liebig,  accounted  for  the  continuous  nature  of  the 
reaction.  The  edmultaneous  evolution  of  water  and  of  strong 
sulphuric  acid  was  explained  by  assuming  that  this  latter  only 
comtHoedwiththe  water  in  its  immediate  neighbourhood,  whilst, 
in  the  other  parts  of  the  liquid,  the  passage  of  the  ethe*  vapour 
carried  airtty  some  aqueous  vapour  with  it.     The  singular  fact 
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that  ethyl  sulphuric  acid  should  he  hoth  formed  and  decomposed 
at  the  same  time  and  in  the  same  liquid  was  ezpiained  by 
Heinrich  Rose,  hy  the  suggestion  that  a  dimiautiou  of  tempera- 
ture sufficient  to  permit  of  the  formation  of  ethyl  sulphuric  acid 
took  place  at  the  point  where  the  alcohol  Sowed  io,  but  that 
the  other  portions  of  the  liquid  were  sufficiently  hot  to  cause 
the  decomposition  of  tliis  acid.  Mitschcrlich  soon  rendered  this 
hypothesis  untenable  by  showing  that  the  continuous  formation 
of  ether  may  be  carried  on  under  circumstances  in  which  no 
Bucli  local  diminution  of  temperature  can  occur,  as  it  is  pro- 
duced equally  well  when  a  current  of  the  vapour  of  nlcohol  is 
passed  in,  in  place  of  the  liquid.^  tJpon  this,  Leopold  Qmelin 
i-emarked  that  at  the  point  where  the  vapour  enters  the  liquid 
we  have  an  excess  of  alcohol  present,  and  there  the  formation 
of  ethyl  sulphuric  acid  may  take  place  more  easily  in  conse- 
quence of  the  presence  of  this  excels  of  alcohoL  Graham  next 
proved  that  ethyl  sulphuric  acid  when  heated  by  itself  to  140* 
does  not  yield  any  ether,  and  that  on  addition  of  water  only 
alcohol  is  formed,  whereas  ether  is  produced  when  the  ethyl 
sulphuric  acid  is  heated  with  alcohol  to  140*.  It  has  already 
been  stated  that  Hennell  also  found  that  when  the  acid  is 
heated  with  water  it  yields  alcohol,  whilst  a  concentrated 
solution  gives  rise  to  ether;  and  the  same  fact  was  also  ob- 
served by  Sertilmer.  In  the  latter  case  we  must  assume  that 
alcohol  is  also  f<»TOed,  but  that  it  contains  a  small  quantity  of 
water  only,  and  forms  ether  with  the  excess  of  eUiyl  sulphuric 
acid  present,  which  when  dilute  it  cannot  do.  Still  no  com- 
pletely satisfactory  theory  of  the  formation  of  ether  could  be 
established  upon  the  facts  which  were  then  known.  In  order 
to  understand  this  it  must  be  remembered  that  the  equivalent 
weights  were  then  in  general  use,  and  that  the  following 
formulee  were  adopted : 

Alcobo).  Etb;1  Snl(jliiiric  Acid.  Etber. 

217  Williamton's  STuory  0/ Btherificatitm. — Graham,  like  Mit- 
scherlich  and  Berzelius,  assumed  the  existence  of  contact  action, 
but  ehortly  afterwards  the  classical  researches  of  Williamson  < 
placed  the  true  theory  of  the  continuous  etherification  process 
on  the  iinn  basis  of  experiment.    This  tbecoy  of  the  formation 
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of  ether  haa  played  a  most  important  part  in  the  development 
of  our  theoretical  views ;  the  recognition  of  its  truth  haa  rendered 
it  possible  to  explain  a  large  number  of  similar  reactions,  and 
it  has  moreover  led  to  the  discovery  of  many  new  groups  of 
compounds. 

Williamson,  adopting  the  views  of  Laurent  and  Gerhardt, 
gave  to  ether  the  molecular  formula  C^HjgO,  according  to  which 
this  substance  contains  the  radical  ethyl  twice.  But  according 
to  the  theory  of  types,  alcohol  is  derived  from  water  by  the 
replacement  in  it  of  one  atom  of  hydrogen  by  ethyl,  and  hence 
ether,  according  to  Williamson's  view,  must  be  regarded  as 
alcohol  in  which  the  second  atom  of  hydrogen  is  replaced  by 
ethyl  To  prove  the  truth  of  this  he  made  the  following  experi- 
ment. By  dissolving  sodium  in  alcohol  he  first  prepared  sodium 
ethylate,  or,  as  he  termed  it,  ethylato  of  soda ;  and  upon  this  he 
acted  with  ethyl  iodide,  by  which  reaction  he  obtained  pure 
ether: 

\»}"+C,H,|-C.H.}0+5^|. 

This  proo^  however,  did  not  satisfy  him,  for,  according  to  the 
old  theory,  it  might  happen  that  la  this  reaction  two  molecules 
(or  atoms  as  they  then  were  termed)  of  ether,  each  containing 
lialf  the  number  of  carbon  atoms,  had  been  formed.  Williamson, 
therefore,  acted  with  ethyl  iodide  on  sodium  methylate,  and  with 
methyl  iodide  on  sodium  ethylate,  and  in  both  cases  he  obtained 
a  single  compound,  viz.  methyl-ethyl-ether,  and  not  a  mixture 
of  two  compounds,  viz.  methyl-ether  and  ethyl-etber.  In  a 
mmilar  way  be  gbtained  amyl-etliyl-ether  or  the  seven-carbon 

The  formation  of  ether  from  alcohol  and  sulphuric  acid  could 
now  be  readily  explained.  Ethyl  sulphuric  acid  is,  in  the  first . 
place,  formed,  and  alcohol  acts  again  upon  this  substance  : 


')c.H.}0+°'S'}s0.-§g:}0+«}s0.. 


(I) 


-  Water  and  ether  distil  over,  whilst  the  sulphuric  acid  which  is 
reproduced  yields  ethyl  sulphuric  acid  again  on  contact  with 
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more  alcohol,  and  hence  the  formation  of  ether  becomes  con- 
tinuous. That  this  is  the  true  explanation  of  the  process  was 
clearly  proved  by  Williamson  by  first  preparing  amyl-sulphuric 
acid  and  then  treating  this  with  common  alcohol  as  in  the 
ordinary  continuous  process.  At  first  amyl-ethyl-ether  distils 
over,  then  common  ether,  and  the  residue  no  longer  containEt 
amyl-sulphuric  acid,  but  consists  entirely  of  ethyl-sulphuric 
acid.  As  a  further  proof  of  the  truth  of  his  theory,  Williamson 
used  a  mixture  of  ethyl  and  amyl  alcohols  and  allowed  this 
to  act  on  sulphuric  acid  exactly  in  the  same  way  as  common 
alcohol  is  used  in  the  ordinary  preparation  of  ether,  when,  as 
lie  predicted,  he  obtained  a  mixture  of  amyl-ethyl-«ther  and 
amyl-ether. 

Further  confirmation  of  the  correctness  of  Williamson's  views 
was  afterwards  given  by  Bertfaelot.*  By  heating  222  grams  of 
ethyl  bromide  with  alcoholic  potash,  this  chemist  obtained 
12  grams  of  ether ;  whilst  if  according  to  the  old  view  the  ether 
had  been  obtained  by  a  simple  replacement  of  bromine  by 
oxygen,  only  75  grams  could  have  been  produced.  Hence  it 
is  clear  that  alcohol  must  take  a  part  in  the  reaction : 

According  to  this  equation  15  grams  of  ether  should  have  been 
formed,  but  owing  to  the  nature  of  the  experiment  it  was 
impossible  to  avoid  a  certain  amount  of  loss.* 

3i8  Ether  can  be  prepared  by  a  great  number  of  other 
p-ocesses.  Thus,  for  example,  it  is  formed  with  evolution  of 
heat  by  the  action  of  ethyl  iodide  on  dry  silver  oxide  : 

2  C,HgI  +  AgjO  -  (C,H()jO  +  2  Agl. 

In  place  of  silver  of^ide,  sodium  oxide,  Na^O,  may  be  used. 
The  reaction  then  does  not  occur  until  a  temperature  of  180°  is 
reached.' 

Ether  is  also  formed  when  a  haloid  ethereal  salt  is  heated 
with  alcohol,  or  with  a  small  quantity  of  water  under  pressure. 
If,  however,  the  water  be  present  in  excess,  alcohol  is  produced. 

The  action  of  the  hydracids  of  the  chlorine  group  on  alc(^oI 

*  Jbtimil  de  Tharmade,  [3],  zztI.  SS. 

*  Warti,  ^ni..  Cftun.  Phyt.  [3],  xlvi.  SB3. 

*  OteaoB,  BuO.  Soc  Chim,  [2],  xxix.  I9. 
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also  gives  rise  to  ether,  but  this  only  when  the  latter  is  present 
in  excess,  as  in  the  opposite  case  the  haloid  ethereal  salts  are 
formed.  This  reaction  serves  aa  an  excellent  example  of  the 
action  of  mass,  to  which  Bertholet,  in  hb  classical  £isai  de 
Statique  Chimique,^  first  drew  attention.  When  two  bodies  act 
chemically  upon  one  another  they  may  give  rise  to  varioas 
products  according  to  the  quantitative  relations  in  which  they 
stand  to  one  another.  And  hence  reactions  which  take  place 
under  certain  circumstances  may  under  other  conditions  be  even 
reversed.  Thus,  for  example,  alcohol  when  heated  with  an 
excess  of  hydriodic  acid  yields  water  and  ethyl  iodide,  hut  if  a 
large  excess  of  water  be  allowed  to  act  on  e^hyl  iodide,  alcohol 
and  hydriodic  acid  are  formed : 

C,H,OH  +  HI  =  C^  J  +  H,0. 

If,  in  the  first  case,  the  quantity  of  alcohol  be  large,  the  ethyl 
iodide  acts  upon  it  to  form  ether : 


0  + 


=&1:}°^ 


When  ethyl  iodide  is  heated  with  a  email  quantity  of  water, 
alcohol  is  first  formed,  and  this  is  then  converted  into  ether. 

From  the  foregoing  it  is  distinctly  seen  that  a  small  quantity 
of  a  haloid  ethereal  salt  or  its  corresponding  acid  is  able  to 
convert  a  large  quantity  of  alcohol  into  ether,  and  moreover 
that  the  water  which  is  coDstantly  formed  will  gradually  retard 
and  ultimately  stop  the  reaction,  inasmuch  aa  the  various 
products  will  then  be  held  in  a  condition  of  equilibrium. 

Many  chlorides,  bromides,  and  sulphates  convert  alcohol 
into  ether,^  but  usually  only  at  a  high  temperature.  In  this 
case  the  free  acids  doubtless  are  also  formed,  together  with 
basic  salts ;  and  it  is  these  acids  which  then  act  in  the  manner 
already  described  in  the  process  of  etherification,  this  reaction 
being  brought  to  an  end  by  the  presence  of  the  water  which 
is  formed,  and  the  acid  again  unibiog  with  the  basic  salt. 

The  change  of  alcohol  into  ether  can  also  bo  brought  about 
by  phosphoric  and  arsenic  acids.     The  reaction  is  in  this  case 

>  Fans  A*,  zi.  (1S08). 

■  tlaoon,  Ann.  Chan.  Fharm.  iixi.  flS ;  EnUmuui,  ib,  xxziii.  B7  and  19S ; 
BajnoM^  Ann.  Chim.  Phyt.  [Sj,  xtviii.  88S. 
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.exactly^  the  some  as  that  of  sulphuric  acid.  la  consequence  of 
this  method  of  preparation  ether  was  at  one  time  also  termed 
arsenic  and  phosphoric  ether. 

219  Manufacture  of  Ether  by  the  Continuous  Proeett. — For  the 

.  preparation  of  ether  on  the  large  or  small  scale  the  method 
employed  by  Boullay  is  always  adopted.  A  mixture  of  sul- 
phuric acid  and  alcohol  is  made  iii  such  proportions  that  the 
liquid  boils  at  about  140°,  the  relation  varying  according  to 


Fic.  87. 

the  strength  of  the  two  constituents.  A  mixture  of  5  parts  of 
90  per  cent,  (ipirit  with  0  parts  of  concentrated  sulphuric  acid 
is  a  very  usual  one.  This  ia  heated  in  a  flaak  or_  caat-iron 
boiler.  The  neck  of  th«  flask  {Fig.  87)  or  the  opening  of  the 
boiler  is  furnished  with  three  tubes.  Into  one  of  these  a  tube- 
funnel  is  6tted,  another  is  connected  with  a  condensing  appa* 
ratus,   whilst  in   the  third  opening  a  thermometer  is  placed^ 
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which  must  dip  into  the  liquid.  The  mixture  is  then  beated 
to  the  boiling-point,  and  alcohol  allowed  to  flow  from  the  bottle 
(b)  through  the  tube-funnel  (which  must  also  dip  into  the  liquid) 
ID  such  quantity  that  the  temperature  remains  nearly  constant 

According  to  theory  an  unlimited  quantity  of  alcohol  can  be 
thus  converted  into  ether.  Practice  bos,  however,  shown  that 
the  operation  must  be  interrupted  when  a  quantity  of  alcohol 
about  six  times  the  volume  of  that  originally  contained  in  the 
vessel  has  been  added.  This  depends  chiefly  on  the  fact  that 
the  materials  used  are  never  anhydrous,  and  therefore,  that  the 
mixture  in  the  retort  becomes  after  a  while  so  diluted  with 
water  that  the  reaction  comes  to  an  end.  Besides,  the  liquid 
does  not  wholly  consist  of  sulphovinic  acid,  but  always  contains 
free  sulphuric  acid,  and  this  gives  rise  to  secondary  reactions, 
blackening  occurs,  sulphur  dioxide  and  water  are  formed,  and 
the  presence  of  this  latter  exercises  a  further  retarding  influence 
oQ  the  reaction. 

The  distillate,  which,  together  with  ether  and  water,  contains 
alcohol  and  sulphur  dioxide,  is  then  treated  with  milk  of  lime 
or  caustic  soda,  and  rectified  from  a  water-bath,  when  the  ether 
first  passes,  over,  still,  however,  containing  some  alcohol  and 
water.  To  remove  these,  the  distillate  is  allowed  to  stand  over 
fused  chloride  of  calcium,  a  method  described  by  Lowitz  in  th^ 
year  17dC.  The  ether  is  then  poured  off  from  the  chloride  of 
calcium  and  again  rectified,  when  it  is  found  to  be  pure  enough 
for  all  techaicul  purposes  and  for  general  laboratory  use,  although 
it  still  contains  small  traces  of  water  and  alcohol.  This  latter 
is  extremely  difficult  to  remove,  and  can  only  be  completely  got 
rid  of  by  repeatedly  shaking  the  ether  with  a  small  quantity  of 
water,  and  continuing  this  operation  until  the  wash-water  no 
longer  gives  the  iodoform  reaction.  It  is  then  dried  over 
calcium  chloride,  and  the  liquid  poured  off  from  this  treated 
with  sodium  until  no  further  evolution  of  hydrogen  takes  place, 
and  again  distilled  from  a  water-hath.  In  this  purification  of 
ether  a  considerable  quantity  dissolves  in  the  wash-water. 
This  may,  however,  be  regained  by  rectification. 

330  Propertia, — Ether  is  a  very  mobile  liquid  having  a  pecu- 
liar odour  whjch  affects  the  head,  and  a  burning  taste.  It  boils 
at  Sl'D  (Kopp,  Andrews) ;  at  0°  it  possesses  a  specific  gravity 
of  0-73368,  and  at  15'  of  0'70240.  It  volatilizes  quickly  not 
only  at  the  ordinary  temperature,  but  at  a  much  lower  points 
Tho  tension  of  ether  vapour  is  aa  follows: — 
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TsmpentDTa.  Urn. 

-20* 6749 

0 182-34 

+  10 286-4 

20 433-2 

30 636-3 

40 909-6 

60 1728-5 

90 33980 

120 7702-2 

Etber  is  extremely  iafl&mmable,  burning  witb  a  white  lami- 
D0U8  fiame.  Tbe  vapour,  which  from  its  high  specific  gravity 
may  be  poured  from  one  vessel  to  another  like  carbon  dioxide, 
forms,  with  air,  a  highly  explosive  mixture,  and  care  is  needed 
in  working  with  large  quantities  of  ether,  no  flame  being  per- 
mitted ID  its  neighbourhood.  If  a  ]ssge  quantity  of  ether  bo 
allowed  to  evaporate  in  a  closed  space  a  mixture  is  obtained 
which  explodes  with  the  force  of  gunpowder.  The  high  specific 
gravity  of  ether  vapour  may  be  strikingly  shown  as  folloira.  A 
small  quantity  of  ether  is  brought  into  a  flask  and  the  short  end 
of  a  glass  syphon  is  brought  one  centimeter  above  the  surface 
of  the  liquid.  If  the  opposite  and  long  end  of  the  syphon  be 
BOW  sucked  out,  ether  vapour  will  flow  down  in  a  continuous 
stream,  and  a  small  cylinder  may  be  filled  up  with  it  and  the 
contained  vapour  then  ignited. 

Fourcroy  and  Vauquelin  state  that  ether  when  cooled  to  —  31" 
crystallizes  in  long  white  glistening  tablets,  which,  at  — 44*  form 
a  continuous  solid  crystalline  mass.  Th^aard  and  Mitchell  wero 
unable  to  confirm  this  statement,  and  the  latter  found  that 
pure  ether  remains  liquid  at  —  90°.*  This  question  has  lately 
been  investigated  by  Franchimont,*  and  his  conclusions  agree 
with  those  of  the  two  latter  chemiets.  He  found  that  moist 
ether,  when  cooled,  deposits  crystals,  probably  consistiog  of  ice, 
but  he  did  not  obtain  a  solid  mass  at  —  44".  This  may  be 
expluned  by  the  fact  that  not  enough  water  was  present,  as, 
according  to  Quthrie,  ether  unites  with  ice  to  form  a  cryuhydrato. 
Such  a  compound,  having  the  formula  C^H^O  +  2HjO,  was 
obtained  by  Tauret  by  quickly  evaporating  ether  on  filter  paper. 
It  melts  at  —  3°'o,  which  is  the  minimum  temperature  obtained 
by  mixing  ether  and  ice.' 

^  rranklin  Iiut.  Jowni.  nil.  £89  ■  Ber.  DextacH.  CJiem.  Ga.  z.  S30. 

■  Compla  Kemdia,  Izzzvi.  766. 
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It  was  formerly  believed  that  ether,  like  oil,  is  iofwluble  in 
water,  until  Zjauragiiais  showed,  in  1758,  that  ten  parts  of  water 
\nt3  sufScient  to  dissolve  the  ether  corapletcly.  According  to 
Boullay,  on  the  other  hand,  one  part  dissolves  in  fourteen  parts, 
whilst  Draper  states  that  ten  volumes  of  ether  dissolve,  in  100 
parts  of  water,  at  11°.  Concentrated  hydrochloric  acid  dissolv&i 
it  in  much  larger  quantities  than  water.'  On  the  other  hand, 
one  part  of  water  dissolves  in  about  thirty-four  puts  of  ether. 
Ether  is  miscible  with  alcohol  and  with  almost  all  other  hydro- 
carbon derivative  compounds  as  well  as  with  carbon  dioxide. 
Many  solid  bodies,  such  as  resins,  fats,  alkaloids,  &c,  dissolve 
easily  in  ether.  Some  of  these  are  soluble  in  aqueous  ether  but 
not  in  absolute  ether.  This  is  the  case  with  gallic  acid,  and  this 
reaction  is  so  characteristic  that  it  may  be  employed  to  ascertain 
the  presence  of  water  in  ether.  If  the  latter  liquid  contains  only 
a  little  moisture  the  dry  powder  balls  itself  up ;  if  more  be  pre- 
sent it  deliquesces  to  a  thick  syrup,  which  does  not  mix  with 
the  layer  of  ether  above,  and  consists  of  a  solution  of  tannic 
acid  in  aqueous  ether.*  Many  inoi^nic  substances  are  soluble 
in  ether;  thus  sulphur  dissolves  slightly,  and  phosphorus  dis- 
solves in  rather  larger  quantity.  This  latter  solution,  which 
becomes  yellow  on  exposure  to  light,  was  formerly  known  as 
^ih^an  phosphoratus.  Ether  dissolves  iodine  and  bromine  in 
larger  quantity,  as  well  as  chromium  trioxide,  ferric  chloride, 
mercuric  chloride,  auric  chloride,  platinum  chloride,  several 
other  chlorides  and  iodides,  and  some  fow  salts.  Various  gases 
are  also  absorbed  by  ether,  such  as  ammonia,  which  is  taken  up 
in  considerable  quantity,  other  gases  being  less  soluble.  Accord- 
ing to  Regnault,  ether  undergoes  a  change  when  preserved  even  in 
well-closed  vessels,  assuming  a  different  vapour-tension.  If  ether 
be  cont^ed  in  a  flask  with  air,  acetic  acid  is  formed  after  some 
time;  this  change  taking  place  more  quickly  in  presence  of 
an  alkalL  On  the  other  hand,  Lieben  states  that  pure  ether, 
either  alone  or  in  contact  with  potash,  lime,  or  sodium,  docs  not 
undergo  any  alteration  on  standing,  but  that  if  water  or  fused 
sodium  chloride,  or  calcium  chloride,  or  anhydrous  sulphate  of 
copper,  be  present,  a  slow  change  takes  place,  the  liquid 
exliibiting  the  iodoform  reaction,^ 

a2i  DecomposUions  of  Ether. — When  ether  is  heated  with 
water  and  a  trace  of  sulphuric  acid  to  a  temperature  of  150° 
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to  180°  it  is  converted  ioto  alcohol.      If  ether  be  treated  with 
,  hjdriodic  ncid  gaa  at  a  temperatura  of  0"  to  4",  alcohol  and 
ethyl  iodide  are  formed : 

Mixed  ethers  are  decomposed  in  a  similai  way,  the  radical 
containing  the  most  carbon  being  converted  into  an  alcohol.* 
Ethyl  iodide  is  also  formed  in  a  violent  reaction,  probably 
together  with  oxyethyl  aluminium  iodide,  which  has  already 
,been  referred  to,  when  ether  is  brought  in  contact  with  iodiue 
and  aluminium  foil. 

The  ordinary  oxidiziug  agents  give  with  ether  the  same  products 
as  with  alcoboL  If  some  ether  be  dropped  on  to  platinum-black, 
ignition  takes  place,  and  when  a  few  drops  are  allowed  to  evapo- 
rate in  a  beaker-glass  and  a  hot  spiral  of  platinum  wire  placed 
above  it,  the  spiral  continues  to  glow,  a  phosphorescent  light 
being  noticed  over  the  wire  in  the  dark  as  soon  as  the  glow  ceases 
(IL  Davy].  When  ozonized  oxygen  is  led  into  ether,  each 
bubble  produces  a  violent  reaction,  and  a  solution  is  thus  ob- 
tained containing  oxalic  acid,  acetic  acid,  hydrogen  dioxide,  and 
a  small  quantity  of  fonnic  acid  (A,  W.  Wright). 

If  ether  vapour  be  passed  over  heated  potash,  lime,  or 
carbonate  of  potassium,  marsh  gas  and  hydrogen  arc  formed, 
but  neither  acetic  acid  nor  formic  acid  (Dumas  and  Stas). 
This  reaction  is  probably  due  to  the  previous  formation  of 
potassium  acetate  according  to  the  equation  : 

(C^Hs)jO  +  2  KOH  +  np  =  2  CjHjKO,  +  4  H„ 

and  this  acetate  is  then  decomposed  into  carbonate  and  marsh 
gas  in  the  presence  of  alkali. 

32a  Uses. — Ether  is  laigely  used  in  the  laboratory  as  well  as 
in  the  arts  and  manu&ctures  as  a  solvent,  for  the  preparation 
of  collodion,  the  extraction  of  tannic  acid,  &c  From  its  great 
volatility  it  has  also  been  used  in  the  manufacture  of  ice.  If 
brought  in  the  form  of  a  fine  spray  upon  the  skin  it  produces 
such  a  degree  of  cold  as  to  induce  complete  insensibility,  and 
hence  the  employment  of  the  ether-spray  has  been  proposed 
for  effecting  local  antesthesia.  ' 

Ether  vapour  when  inhaled  produces  similar  effects  to  nitroua 
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ozidc.  Thia  appears  to  have  been  first  observed  in  1818  by 
Fontday  who  waa  iiivestiga.tiQg  the  subject.  The  introduction 
of  ether  as  a  general  anaesthetic  agent  is  due  to  Dr.  C.  Long  of 
the  United  States  in  1842.  He  did  not  however  publish  any- 
thing until  three  years  later,  when  two  dentists,  Messrs.  Morton 
and  Jackson,  made  independeDt  observations  on  the  subject,  and 
suggested  the  employment  of  ether  for  this  purpose.  The 
inhalation  of  etber  was  soon  widely  adopted  in  medicine.  In 
Europe  Sir  James  Simpson  of  Edinburgh  was  especially  active 
in  its  introduction,  and  he  showed  that  this  body  under  certain 
conditions  might  be  employed  without  any  danger,  especially  in 
obstetric  cases.  The  employment  of  this  and  other  autesthetics 
met  with  much  opposition  from  a  certain  class  of  persons,  but 
all  such  objections  were  successfully  overcome  by  Simpson's 
enei^  and  determination. 

333  Ether  unites  with  bromine  to  form  the  compound  2C^HjgO 
+  6  Br,  when  the  two  liquids  are  brought  together  in  the  cold. 
This  compound  is  a  crystalline  mass  somewhat  resembling 
chromium  trioxide,  possessing  a  strong  smell,  and  being  decom- 
posed by  water  into  its  constituents.  It  is  a  very  unstable 
compound,  and  on  standing  decomposes  spontaneously  wilU 
formation  of  water,  hydrobromic  acid,  ethyl  bromide,  tribromal- 
dehyde,  CjHBrjO,  &c.'  Various  metallic  chlorides  and  bromides 
also  form  compounds  with  ether.  One  of  the  first  of  these  was 
obtiuned  by  Kuhlmann  by  bringing  together  anhydrous  ether 
and  stannic  chloride.  It  forms  a  feathery  crystaLine  mass  of 
the  composition  2  C^H,gO  +  SnCl^,  which  distiJs  at  80°,  yielding 
glistening  rhombic  tables  which  are  decomposed  by  water.* 
Various  other  compounds  of  ether  with  metallic  chlorides  and 
bromides  have  been  obtained  by  Nickl^'  These  are  mostly 
crystalline,  and  some  are  volatile  without  decomposition,  as  for 
instance  AljBr,  +  2  C^H,qO,  which  sublimes  in  yellow  needles. 
The  trichloride  and  tribromide  of  antimony  and  of  arsenic  form 
similar  compounds.  Ether  combines  with  antimony  penta- 
chloride  to  form  a  greyish  white  crystalline  mass,  SbCl^  +  C,HjjO, 
a  very  unstable  compound.*  With  titanium  chloride  it  also 
forms  the  body  TiCi^  4-  C^HijO,  crystallizing  in  small  yellow 
tables  melting  at  42°  to  45°,  and  boiling  at  118°  to  120.'"    Ether 

*  ScliQtieiibeTger,  CmhoI.  Send.  Izir.  1511. 
'  Lkwj,  Compl.  lUnd.'jixi.  871. 

*  Ann.  Chin.  Fkyi.  [3],  Iiii.  230 ;  Compl.  Send.  lU.  390;  hiii.  53T  ;  Ix.  SOO. 

*  WilUama,  Jmtm,  Chan.  See,  1870,  ii.  iSS. 
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also  combines  with  vanadium  ozjchloride.  By  distilling  the 
product  under  diminished  pressure  large  stellated  ciTStals 
having  the  formula  C«H,gO  +  VOCl,  are  obtained,  appearing 
reddi^-browQ  by  transmitted  but  green  by  reflected  light. 
They  melt  below  100°  and  are  decomposed  by  water  into  ether, 
hydrochloric  acid,  and  vanadium  peotoxide.^ 


Chlorine  SpsBTrnmoN-PEODccra  or 

334  Chlorine  acts  violently  upon  ether.  If  a  few  grams  of 
ether  be  poured  into  a  flask  tilled  with  chlorine  gas  white  iumes 
ore  after  some  time  given  off,  and  then  an  explosion  takes  place, 
accompanied  by  flame  and  considerable  deposition  of  charcoal 
(Cruikahaak).  If  chlorine  gas  be  led  into  ether,  every  bubble 
sets  fire  to  the  ether,  which  becomes  heated  throughout,  and  is 
ultimately  converted  into  a  black  tarry  mass.  If,  however,  chlorine 
be  passed,  especially  in  the  dark,  into  ether,  very  well  cooled, 
substitution-products  are  formed.  These  have  been  investigated 
by  'Liebig,*  Eegnault,'  Malaguti,*  Lieben,'  Abeljanz,*  and 
Jacobsen.^ 

Monocldar-Etkyl  Oxide  or  Movochlorether,  C«H,CIO.  This, 
according  to  Jacobsen,  is  the  first  product  of  the  reaction,  and 
is  identical  with  the  compounds  which  Frapolli  and  Wurtz' 
previously  obtained  by  the  action  of  hydrochloric  acid  on  a 
niixture  of  absolute  alcohol  and  aldehyde,  and  which  they  believed 
to  be  a  compound  of  the  latter  substance  with  ethyl  chloride.  It 
is  a  liquid  boiling  at  97°  to  98°,  which  is  decomposed  by  sulphuric 
acid  with  formation  of  aldehyde,  hydrochloric  acid,  and  ethyl 
sulphuric  acid,  whilst  with  sodium  ethylate  it  yields  acetal, 
CH,.CH(0C,Hj)2,  a  body  described  under  the  ethidene  com- 
pounds. The  constitution  of  monochlorethyl  oxide  as  well  as 
its  mode  of  formation  from  aldehyde,  which  is  ethidene  oxide,  is 
seen  from  the  following  equation : 

HOI  +  HO.C,H,  +  CH,.0HO  -  0H,.CHC1\^  ^  „  n 

•  Badnn,  Jbunt.  Chem.  See.  18T6,  L  Sll.      ■  Ann.  Fharm.  1.  220. 

»  Ann.  Chha.  P\yt.  [2],  liii.  3B2.  *  lb.  [2],  lii.  338  ;  [8],  iri.  5. 

•  Ann.  ClKtu.  PAartn.  cxlvi.  IBO.  •  lb.  diiv.  197. 

'  Str.  DtuOO.  ChoK.  Oa.  iv.  215.  *  Aiat^  Chtm.  Pharw.  orili.  SSS. 
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DuMor-Ethyl  Oxide,  O^HgCljO.  For  the  preparation  of  this 
compound  Lieben  recommends  that  cLlorine  should  be  passed 
into  ether  cooled  to  0°  and  the  temperature  gradually  allowed 
to  rise  to  20°.  It  is  then  distilled  off  on  the  water-bath  and  the 
distillate  again  treated  with  chlorine.  By  repeating  these 
operations,  the  above  compound  is  at  last  obtained  as  a  strongly 
smelling  liquid  which  boils  with  decomposition  at  140"  to  145* 
and  has  a  specific  gravity  of  l'I74  at  23°  and  bums  on  ignition 
with  a  luminous  green-mantled  flame.  By  tie  moderate  action 
of  zinc  ethyl  on  dichlorinated  ether,  ethyl  chlorinated  ether, 
C4HgCl(CjH()0,  is  obtained.  This  possesses  a  pleasant  ethereal 
smell,  boils  at  141°,  and  has  a  specific  gravity  of  09735  at  0°. 
Heated  with  an  excess  of  concentrated  hydriodic  acid  in  closed 
tubes  to  100°  it  forms  ethyl  iodide  and  secondary  butyl  iodide. 
The  formation  of  this  compound  shows  that  substitution  has 
not  taken  place  in  both  of  the  ethyl  groups,  as  wea  ori^nally 
supposed ;  and  Lieben  explains  this  by  the  following  equations : 

CACIC^^  }  O  +  2  HI  =  CjHjClCCjHJI  +  CjHjI  +  H,0. 

C^C1(C^^I  +  HI  =  C,H,C1(C,H^H  +  I, 
C^.C1(C^H  +  HI  =.  C,H.(C,H^I  +  HCL 

By  the  further  action  of  zinc  ethyl  on  ethyl  chlorinated  ether. 
or  more  simply  if  iodide  of  ethyl  and  zinc  be  heated  with  It, 
the  so-called  di-eihyl  tiker,  C,H,(CjHb)jO.C,Hb,  is  obtained,  a 
body  which  boi!s  at  131°  and  is  a  compound  ethyl  hexyl  ether, 
yielding,  on  heating  with  hydriodic  acid,  ethyl  iodide  and 
secondary  hexyl  iodide.  By  the  action  of  sodium  ethylate 
OB  dichlorinated  ether,  ethyl-oxide-chlorinaied-sther  is  formed. 
This  is  identical  in  composition  with  monochlorocetal,  CH^Cl. 
CH(OCiHj)j,   and    for  this  reason   dichlorinated   ether  must 

possess  the   composition  -       O  TT   [*     ' 

Trichlor-Ethyl  Oxide,  C^HjCljO,  is  not  known  in  the  pure 
state.  If  the  residue  boiling  above  153°  obtained  in  the  pre- 
paration of  dichI(Hinated  ether  be  heated  with  sodinm  ethylate 
it  dissolves,  and  irom  the  product  of  the  reaction  dichloracetal, 
CHClfCH(OCjH^,,  separates  out,  and  (kence  it  would  appear 
that  a  trichlorinated  ethsr  exists  having  the  composition 
CHCLCHC11„ 
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TarachJor-Stk^l  Oxide,  C^HgCl^O.  This  body  was  discovered 
by  Malaguti,  and  first  termed  chlorinated  ether  and  afterwards 
bichlorioated  ether.  It  is  formed  by  the  conUnued  action  of 
chlorine  upon  ether,  when  the  liquid  is  gradually  heated  to  100°. 
The  chlorine  is  absorbed  quickly  to  begin  with,  then,  however, 
a  stormy  evolution  of  hydrochloric  acid  takes  place,  s?  that  the 
liquid  requires  to  be  cooled.  After  thi»  chlorine  is  ogain  led  in, 
and  then  the  whole  heated  to  140"  until  the  mass  begins  to 
blacken.  It  is  then  mixed  with  water,  dried  in  a  vacuum  over 
lime  and  sulphuric  acid,  and  thus  a  thick  liquid  is  obtained 
which  has  a  pungent  Bmell  and  a  specific  gravity  of  1'5.  It  has 
no  constant  boUing  point,  but  decomposes  when  heated.  Alco- 
holic potash  yields  acetic  acid  together  with  other  products, 
and  on  heating  with  sulphuric  acid,  trichloraldehyde  or  chloral, 
CCI,.CHO,  is  formed,  and  from  this  it  appears  that  Malaguti's 
chlorinated  ether  is  a  mixture  which  contains  the  compound 
CCLCHCll^ 

This  latter  body  was  first  prepared  in  the  pare  state  by 
L.  Henry,'  by  the  action  of  phosphorus  pentachloride  on  the 
so-called  chloral  alcoholate  (see  Ethidene  Compounds) : 

<=C'.CH(0|) }  O  +  PCI.  -  COVCHCI }  0  +  POCl.  +  Ha 

The  same  compound  is  likewise  formed  when  chlorine  is 
allowed  to  act  on  the  monochlorinated  ether  obtuned  from 
aldehyde.*  It  boils  at  188°  to  190",  possesses  a  specific  gravity 
at  15°  of  r4211,  and  has  a  sweetish-bitter  taste  and  a  pungent 
camphor-like  smell. 

Pentachlvr-Ethyl  Oxide,  C^HjCIjO,  is  obtained,  according  to 
Jacobaen,  by  the  further  action  of  chlorine  on  Malaguti's  com- 
pound. It  is  a  thick  liquid  having  a  specific  gravity  of  1*645, 
which  is  probably,  however,  a  m^cture.  It  gives  ethyl  com- 
pounds by  various  reactions,  and  probably,  therefore,  contains  the 
compound  CjClj{CjHj)0,  This  latter  compound  is  also  obtained 
from  the  last  described  tetrachlorinated  ether  ;  by  the  action  of 
alcoholic  potash  the  compound  CCl,  ■=  CCi.OC,Hj  is  produced, 
and  this  unites  with  chlorine  directly  to  form  pentscblorinated 
ether,  a  liquid  boiling  at  190° — 210°  with  partial  decomposition 
being  obtained. 
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The  bromine  compound,  CCl^r.,CClBr.O.CjHB.  is  obtained 
aa  a  colourless,  beavy  liquid  having  a  pleasant  smell,  by  the 
action  of  bromine  on  the  latter  body,  and  this  on  cooling  crys- 
tallizes in  lai^c  clear  crystals,  which  melt  at  17°.*  An  isomeric 
pentachlorinated  ether  was  obtained  by  Heury  *  by  acting  with 
phosphorus  peatacbloride  on  a  compound  also  beloDgiug  to  tho 
ethidene  series  obtained  by  tbe  union  of  chloral  and  ethylene 
cblorhydmte  (monochlorethyl  alcohol). 

This  latter  compound  corresponds  to  the  above-mentioned 
chloral  alcoholate. 

This  pentachlorinated  ether  is  a  colourless,  thick  liquid,  pos- 
sessing a  sweetish  taste  and  a  strong  camphor-like  smell.    It 

possesses  the  constitution  riiiTii  pH   f  0. 

Perehltrrituiied  Ether,  C^CIjgO,  is  the  last  product  of  the  action 
of  chlorine  on  ethyl  oxide,  and  is  formed  only  in  the  sunlight. 
It  is  a  solid  body,  possessiDg  a  penetrating  camphor-like  smell, 
and  crystallizes  from  alcohol  in  orthorhombic  crystals  which 
melt  at  69°,  and  have  a  specific  gravity  of  1*9.  In  its  pro- 
paration,  hexchlorethane,  CjClg,  and  trichloracetyl  chloride, 
CO,.C0CI,  are  usually  formed,  and  the  perch lorinated  ether 
decomposes  completely  into  these  compounds  on  heating  to  300". 
By  the  action  of  an  alcoholic  solution  of  potassium  sulphide,  a 
compound  is  formed  termed  by  Malaguti  ckloroaxtkose : 

This  is  a  liquid  boiling  at  210°,  which  unites  with  chlorine 
in  tbe  sunlight  to  form  perchlorinated  ether,  and  with  bromine 
to  yield  the  compound  C^ClgBr^O.  If  chlorine  be  allowed  to  act 
in  presence  of  water  on  chloroxethose,  trichloracetic  acid  ia 
formed  as  follows : 

001*^801}*^  +  2C1,  +  3H0H  =  2CCI,C0.0H  -|-  4HCI. 

M(thyl-Eikyl'EtheT,  „^  1 0,  is  a  liquid  possessing  a  smell 

resembling  that  of  ethyl  oxide,  and  boiling  at  11°.  It  is  best 
obtained  by  the  action  of  ethyl  iodide  on  sodium  methylate. 
This  compound  is  also  produced  by  treating  sodium  ethylate 
with  methyl  iodide  (Williamson),  and  it  was  originally  termed 
■  BuBcb,  Bar,  DeiUtei.  Chtm,  Ga,  xL  446.  'Ib.Hl.  782. 
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by  him  the  tbree-ctirbon  ether.  It  may  also  be  obtaiBed  by 
distilling  together  potassium  etbyl  sulphate  aud  potassium 
methylate,'  and  by  the  action  of  dry  silver  oxide  on  a  mixtnre 
of  the  iodides  of  ethyl  and  methyl  (Wurtz). 


THE    ETHEREAL    SALTS   OF    ETHYL, 
OR  ETHYL  COMPOUND   ETHERS. 

Ethyl  Chloride,  CjHjCl. 

335  This  compound  was  first  obtained  in  aJcoholic  solution  by 
Basil  Valentine,  who  thus  describes  its  preparation : '  "  This  I 
Also  say  that,  when  the  spirit  of  common  salt  unites  with  spirit 
of  wine,  and  is  distilled  three  times,  it  becomes  sweet,  and  loses 
its  sharpness."  In  bis  Last  Testament  he  also  says: ^  "Take  of 
good  Epirit  of  salt  which  has  been  well  dephlegmated  and 
contains  do  watery  particles  one  part ;  pour  to  this,  half  a  part 
of  the  best  and  most  concentrated  tpiriins  vini  which  also 
coniaioB  no  phlegma  or  vegetable  mercury."  He  goes  on  to 
etat«  that  this  mixture  must  be  repeatedly  distilled,  and  then 
"placed  in  a  well-closed  bottle,  and  allowed  to  stand  for  a 
month  or  until  it  has  all  become  quite  sweet,  and  has  lost  its 
acid  taste.  Thus  is  the  apiritvs  talit  et  vini  prepared,  and  may 
be  readily  extracted." 

The  mixture  thus  obtained  of  alcohol  and  ethyl  chloride,  or 
sweet  spirit  of  salt,  was  well  known  to  the  later  chemists. 
Thus  Glauber  speaks  of  it  in  1648  in  describing  strong  hydro- 
chloric acid :  "  When  dephlegmated  spirit  of  wine  is  poured 
into  such  strong  spirit  of  salt  and  digested  for  a  long  time,  the 
spirit  of  wine  mdces  a  separation  and  kills  its  sal  volatile,  so 
that  a  fine  clear  oleum,  vini  swims  on  the  top,  which  is  not  the 
least  potent  of  the  cordials." 

Pott  then  showed  in  1730  that  this  sweet  spirit  of  salt  could 
be  obtained  by  the  actitm  of  butter  of  arsenic  or  butter  of 
antimony  on  spirit  of  wine,  and  other  chemists  found  that 
other  metallic  chlorides  may  be  employed  for  the  like  purpose. 
Ludolf,  in  his  work  on  Medical  Chemistry,  states  in  1749,  that 
on  heating  spirit  of  wine  with  sulphuric  acid  and  common  salt  a 
distilla^  is  obtained  which  when  treated  with  lime  yields  an  ether, 

^  Chancel,  Compl,  Bend.  zixi.  G21. 

*  Wiederholung  da  gronm  Sleiiu  der  wralUn  Weitm,  ed.  Petmeo*,  p.  72. 

*  Batiliui  yi^mliiuta,  ed.  P«tn>e>u,  p.  7SS. 
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but  hn  vainly  endeavoured  to  obtain  a  similar  compound  by  the 
action  of  muriatic  gas  on  spirit  of  wine.  Beaum^'s  experiments 
in  this  direction  also  did  not  succeed,  but  Woulfe^  obtained 
hydrochloric  ether  in  this  way,  and  it  was  afterwards  prepared 
and  sold  by  an  apothecary  in  Oennany  and  known  as  Basse's 
hydrochloric  ether.  This  same  compound  was  afterwards  termed 
light  hydrochloric  ether,  in  order  to  distinguish  it  from  the 
si>K^ed  heavy  hydrochloric  ether  obtained  by  beating  alcohol 
with  common  salt,  manganese  dioxide,  and  oil  of  vitriol.  This 
latter  body,  which  was  prepared  in  1782  by  Westrumb,  and  after- 
wards observed  by  Scheele,  ia  however  a  mixture  of  various 
oxidation-products. 

Colin  and  Bobiqaet*  were  the  first  to  point  out  the  true, 
composition  of  ethyl  chloride.  The  above-mentioned  method 
of  distillation  has  been  used  until  recently  in  order  to  obtain 
this  compound,  although  it  is  not  in  every  respect  eatisfitctoiy. 
Boullay  found  that,  when  obtained  by  means  of  common  salt 
and  sulphuric  acid,  the  product  usually  contains  a  small  quantity 
of  ethyl  oxide. 

Pure  ethyl  chloride  is  prepared  by  passing  hydrochloric  acid 
gas  into  strong  spirit  of  wine.  The  saturated  solution  is  allowed 
to  stand  for  some  time,  and  iiien  distilled  off  oa  a  water-bath. 
The  yield  is,  however,  not  more  under  the  most  &vourable 
circumstances  than  correspondB  to  15  per  cent  of  the  alcohol 
employed.  The  alcohol  may,  as  Groves'  has  shown,  be  com- 
pletely converted  into  the  chloride,  if  mic  chloride  be  added 
and  hydrochloric  acid  gas  passed  into  the  boiling  solution ;  this 
gas  is  then  completely  absorbed,  and  when  the  liquid  has 
become  saturated,  pure  ethyl  chloride  is  evolved,  the  reaction 
going  on  until  the  whole  of  the  alcohol  has  been  converted. 

According  to  the  experiments  of  RjUger,*  ether  is  likewise 
formed  in  this  process  when  the  mixture  is  heated  to  begin 
with.  This  can  be  avoided  by  saturating  the  solution  of  one 
part  of  zinc  chloride,  and  82  parts  of  spirit  with  hydrochloric 
acid  in  tiie  cold,  and  then  heating  to  the  boiling-point,  the 
gas  being  passed  in  so  long  as  ethyl  chloride  is  formed.  The 
evolution-flask  must,  of  course,  be  connected  with  an  inverted 
condenser  in  order  to  retain  the  alcohol  vapour,  whilst  the  more 
volatile  chloride  of  ethyl  passes  into  a  vessel  surrounded  either 
with  ice  or  a  freezing  mixture,  where  it  is  condensed.     In  this 


;abyGoO<^lc 


344  THE  ETHYL  GROUP. 

way  it  is  easy  to  obtain  a.  kilogrftm  of  the  compouDd  in  a  few 
hours,  and  tMs  method  serves  admirably  as  a  lecture  illuatration. 
The  action  of  hydrochloric  acid  on  alcohol  is  explamed  by  tho 
foUowing  equation : 

CjH,.OH  +  HCl  -  CjH(Cl  +  H,0. 

Hence  the  conclusion  that  zinc  chloride  simply  acts  as  a  strong 
hygroscopic  agent  would  not  appear  improbable,  but  this  is  not 
the  case,  inasmuch  as  it  cannot  be  replaced  by  other  equally 
efficacious  hygroscopic  agents  such  as  chloride  of  calcium  or 
sulphuric  acid.  Its  pecijliar  action  depends  upon  the  fact  that 
the  alcohols  very  easily  decompose,  with  elimination  of  water,  into 
the  olefines,  that  is  the  hydrocarbons  of  the  series  C^Hai,  which 
unite  with  hydrochloric  acid  to  form  the  monochlorides.  Accord- 
ingly, in  the  prepamtion  of  ethyl  chloride  according  to  Qroves's 
method  two  reactions  take  place ;  one  port  is  produced  by  the 
direct  action  of  hydrochloric  acid  on  alcohol,  and  the  other  part 
by  the  union  of  ethylene  in  the  nascent  condition  with  hydro- 
chloric add.  The  truth  of  this  explanation  is  proved  by  the 
fact  that  when  amy!  alcohol  is  thus  treated,  a  considerable 
quantity  of  the  secondary  chloride  is  foand,  together  with  the 
primary  chloride,  and  this,  as  we  know,  can  only  be  obtuned 
firom  the  define  amylene  CgHj^.' 

Ethyl  chloride  is  also  formed  by  the  action  of  phosphorus 
pentachloride  on  alcohol  (Wurtz),  and,  together  with  other 
products,  when  alcohol  is  treated  with  chlorine,  and  this  accounts 
for  the  production  of  this  substance  in  considerable  quantily 
in  the  manufacture  of  chloral. 

326  J'ropertieg. — £thyl  chloride  is  a  colourless  mobile  liquid 
having  a  peculiar  and  pleasant  odour,  and  a  sweetish,  burning 
taste.  It  does  not  solidify  at— 29°,  boilsat  12°-5  (Regnault),  at  0° 
possesses  a  specific  gravity  of  0'9214  (Pierre)aDd  its  vapour  density 
is  2219  (Thinaid).*  It  is  but  slightly  soluble  in  water,  though 
dissolving  readily  ia  alcohol,  strong  spirit  taking  up  half  its  weight 
This  solution  may  easily  be  kept  in  well-stoppered  bottles,  and 
chloride  of  ethyl  may  readily  he  separated  out  &om  such  a 
solution  by  gently  warming  it  and  freeing  the  gas  from  alcohol 
vapour  by  passing  it  through  sulphuric  acid  (Groves). 

£thyl  chloride  is  easily  combustible,  burning  with  a  luminous 
green-mantled  flame.     When  its  vapour  is  passed  over  heated 

'  BehoTleiamer,  Jmim.  C/itnt,  See.  187S,  SOS.  *  ^m,  CMm.  tdiL  40. 
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BodB-limo.  olefiant  gas  U  iorm&i,  according  to  Stas,  whilst 
L.  Meyer  '  finds  that  in  this  reaction  a  mixtura  of  hydroges 
and  marsh  gas  ia  obtained  together  with  sodium  acetate  and 
carbonate : 

(a)     CjHjCl  +  2  KOH  =  C,H,KO,  +  KCl  +  2  H, 
(6)     O^KO,  +  KOH  =  KjCO,  +  CH4, 


.1^ 


Suhslitntion-producta  are  formed  by  the  action  of  chlomie  on 
ethyl  chloride.     These  will  be  described  hereafter. 

The  apparatus  shown  in  Fig.  88  serves  to  exhibit,  in  the  case 
'  .^Hit.  Chtm.  Fharm.  eixiix.  SS9. 
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of  ethyl  cbloride,  the  passage  from  the  liquij  to  the  gaaeous 
state,  and  vice  verad.'  In  order  to  liquefy  the  gna  coattuned  in 
the  shorter  and  stoppered  limb  of  the  syphon  tube,  mercury 
must  be  poured  into  the  longer  limb  and  the  compressed  gas 
cooled  by  pouring  some  ether  over  the  shorter  limb.  On  allow- 
ing the  temperature  to  rise,  and  on  permittii^  the  mercury  to 
run  out  by  the  lower  stop-cock,  the  liquid  will  be  seen  to  boil, 
and  the  whole  ^ain  assume  the  gaseous  condition. 

aay  Jttyi  .Bromufe,  C,H,Br,  was  first  prepared  bySerullaa*  in 
1827  by  gradually  adding  bromine  to  a  mixture  of  alcohol  and 
phosphorus.  It  is  also  formed,  together  with  other  products, 
by  the  action  of  broniine  on  absolute  alcohol  (LSwig),  as  well  aa 
by  heating  spirit  of  wine  with  strong  hydrobromic  add  and  by 
various  other  reactions.  In  order  to  prepare  it^  Fersonne's' 
method  is  probably  the  best.  For  this  purpose  40  ports  of 
amorphous  phosphorus  and  160  parts  of  absolute  alcohol  are 
brought  into  a  flask  connected  with  a  reversed  condenser,  and 
gradually  100  ports  of  bromine  allowed  to  flow  in,  the  fiask 
beii^  first  well  cooled  in  order  to  moderate  the  violence  of  the 
reaction.  As  soon  as  this  has  been  added,  the  mixture  is 
distilled  on  a  water-bath,  the  distillate  being  shaken  up  with 
water  and  the  bromide  which  separates  out  being  then  dried 
over  chloride  of  calcium  or  potassium  carbonate  and  afterwards 
purified  by  distillation.  , 

Ethyl  bromide  is  a  liquid  resembling  the  chloride  in  its 
smell  and  taste,  boiling  at  38**37  (Begnault),  and  having  at  0* 
a  specific  gravity  of  14733  (Fieire),  whilst  at  15°  it  is  1-4189 
{Mendelejefi).  Its  vapour  density  was  ascertained  by  Marcband  * 
to  be  3754.  It  bums,  when  ignited,  with  a  fine  green  smoke- 
less fiame,  evolving  vapours  of  biomine. 

aa8  £thyl  Iodide,  CfH^I,  was  discovered  by  Qay-Lussac' 
in  1815,  and  is  formed  by  heating  together  spirit  of  wine  and 
hydriodic  acid,  as  well  as  by  the  simultaneous  action  of  iodine 
and  phosphorus  on  alcohol '  (Serullas) : 

5  C,HjOH  +  6 1  +  P  =  5  C,HJ  +  HjPO^  +  H,0. 

This  last  reaction  is  now  always  employed  for  the  preparation 
of  this  important  substance.     It  is  largely  used  in  the  arts  and 

'  Hafinnnn.  Ber.  Deutxh.  Chem.  Get.  xiL  1123. 
■  AnTt.  Chim.  Phft.  xxut.  99. 
*  Jount.  Fratt.  Chem.  xzziii.  1S6. 
*i2.xxT.S33ixliL  IIB. 
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iua&u£Lctnre3,  and  for  the  prepaiatioD  of  other  ethyl  compoonda. 
Formerly,  of  course,  common  phosphorus  was  employed,  and 
a  number  of  receipts  were  gireu  for  this  purpose.  In  all  of 
these,  precautions  had  to  be  taken  to  avoid  explosions  due  to  the 
violence  of  the  reaction,  and  to  prevent  loss  of  substance. 

Fersonne '  was  the  first  to  suggest  the  employment  of 
amorphous  phosphorus,  and  Beilstein  and  Rieth,'  who  especially 
worked  out  this  method,  found  the  following  proportions  to  bel 
the  best.  Ten  parts  of  red  phosphorus  and  60  parts  of  spirit' 
are  brought  into  a  tubulated  retort  comiected  with  a  Liebig's 
condenser,  and  to  these  100  parts  of  iodine  are  gradually  added. 
After  standing  for  24  hours,  the  ethyl  iodide  is  distilled  off.  Of 
course  the  iodine  and  spirit  may  be  mixed  to  begin  with,  and 
the' phosphorus  then  added  from  time  to  time,  and  in  this^'casa 
67  parts  of  this  latter  body  are  sufficient  The  distillate  is 
washed  with  dilute  caustic  soda  and  water,  and  the  iodide  of  ethyl 
which  separates  dried  over  calcium  chloride.  The  residue  in 
the  retort  consists  chiefly  of  ethyl  phosphoric  add,  and,  for  this 
reason,  an  excess  of  alcohol,  as  is  shown  In  the  above  pro- 
porticois,  must  be  usecL 

Ethyl  iodide  is  also  formed  when  potassium  iodide  is  distilled 
with  a  saturated  solution  of  hydrochloric  acid  in  spirit  of  wine,* 
or  when  concentrated  bydriodic  acid  is  heated  under  pressure 
together  with  ethyl  chloride.*  Another  remarkable  reaction 
is  its  formation  on  heating  ethyl  nitrate  with  potassium  iodide,* 

Ethyl  iodide  is  a  colourless;  strongly  refracting  liquid,  possess- 
ing a  peculiar  ethereal  and  somewhat  pleasant  smell,  boiling  at 
71°'3  (Andrews),  or  at  Tl'^e  (Frankland).  Its  specific  gravity  at 
0°  ifl  1-9755  (Pierre),  and  at  15°,  1-9309  (MendelejefQ ;  whilst 
its  vapour  density  was  found  by  Marchand  to  be  5*417.  Ethyl 
iodide,is  almost  insoluble  in  water,  but  is  miscible  with  alcohol 
and  ether.  It  is  only  difficultly  iuflatnmabte,  buraii^  with  evolu- 
tion of  iodine  vapours.  When  hwted  -v^h  fifteen  times  its 
weight  of  water  to  100",  it  gradually  dissolves  with  formation  of 
alcohol.  Chlorine  decomposes  it  with  formation  of  ethyl  chloride 
nnd  separation  of  iodine,  and,  like  many  other  oiganic  iodides, 
it  is  also  -decomposed  when  exposed  to  the  action  of  light,  iodine 
being  set  free  and  the  liquid  becoming  gradually  red  and  after- 
wards brown.   This  decomposition  takes  place  especially  quickly 

>  Cem^.  Send.  ML  488.  •  Anm.  CA«n.  Jnar».  «: 

"  "     "  -■     ^0urn,  Pharm.  xzii.  18B. 

>,  CbnyC  Jinrf.  slriU.  If  5. 
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in  direct  saoligbt,  and,  aa  FranklaQd  found,  etti^l  iodide  is  then 
converted  into  iodine  and  bntane  (di-ethyl) : ' 

Thia  reaction,  however,  becomea  slower  in  proportion  u  the 
quantity  of  free  iodine  increases,  but  it  becomeB  mucb  more 
rapid  in  presence  of  mercury,  wbicb  at  once  combines  with  the 
hberated  iodine.  Thia  decomposition  may  be  carried  on  still 
more  quickly  than  in  ordinary  direct  sunlight  by  placing  the 
liqtud  in  the  focoa  of  a  convex  mirror.  The  butane  thus 
obtained  ia,  however,  not  pure,  as  a  portion  of  it  Ls  converted 
into  ethane  and  ethylene. 

339  £thyl  Fluoride.  Scheele  *  was  the  first  to  make  experi- 
ments on  the  preparation  of  a  fluoric  ether,  and  afterwards  Qehlen 
worked  on  the  same  subject  without  coming  to  any  satisfactory 
conclusion,  as  he  employed  glass  vessels.  Reinsch,'  who  osed 
leaden  vessels,  obtained  a  colouriess  ethereal  liquid  which  has 
a  peculiar  taste  and  an  odour  resembling  that  of  horse-radish. 
It  bums  with  a  blue  Same,  evolving  vapours  of  hydrofluoric 
acid,  and  it  corrodes  glass.  This  substance  has  not  been 
analyzed. 

330  Ethyl  Perehlofate,  C^H^CIO^,  ia  the  only  known  etbneal 
salt  of  the  oxyacids  of  chlorine.  It  was  first  prepared  by  Hare 
and  Boyle  *  by  distilling  a  mixture  of  barium  percfalorate  and 
barium  ethyl  sulphate,  but  waa  afterwards  more  completely  in- 
vestigated and  analyzed  by  Boscoe.^  It  is  a  colourless  liquid, 
which,  in  the  dry  state,  undergoes  sudden  spontaneous  decom- 
position even  when  poured  from  one  vessel  to  another,  or  when  its 
particles  are  in  any  way  slightly  shaken.  The  violence  of  these 
explosions  is  extreme.  About  two  decigrams  of  the  substance 
contained  in  a  thin  test-tube  exploded  with  such  force  as  to 
bore  a  hole  15  mm.  in  diameter  and  6  mm.  deep  in  a  filter 
stand  of  hard  wood,  and  all  the  glass  vessels  standing  near 
were  shattered.  The  greatest  care  must,  therefore,  be  taken 
in  operating  with  this  body,  and  gloves  and  glass-screens  are 
absolutely  necessary.  In  contact  with  water  the  ether  is  much 
more  stable,  and  may  be  shaken  or  even  distilled  without  any 
explosion  occurring.  Heated  under  a  thin  stratum  of  water,  it 
boils  at  74°. 

>  iTMim.  Chtm.  Soe,  iil.  82S. 
■  Jimm.  iV,  Chan.  xiz.  i\i, 
•  CAam.  Sae.  Jtmm.  xr.  31 S. 
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231  Ethyl  Sulphite,  (C^j)aSO„  waa  first  prepared  by  Ebelmen 
attd  Bouquet  >  in  1845  by  acting  on  absolute  alcohol  with 
sulphur  moDochJoride.  It  is  also  formed  when  thionyl  chloride  is 
brought  in  contact  with  alcohol.'  For  the  purpose  of  preparing 
tbis  substance,  an  excess  of  absolute  alcohol  is  added  to  well- 
cooled  chloride  of  sulphur  or  thionyl  chloride,  the  product  being 
purified  by  fractional  distillation.  Its  formation  from  thionyl 
chloride  is  explained  by  the  equation : 

SO  -[  g{  +  2  HO.O^,  =  SO  1 3c^*  +  2  HOI. 

When  alcohol  is  treated  with  chloride  of  sulphur,  thionyl 
chloride  appears  to  be  first  produced,  and  tbis  acta  agtun  on  the 
ethyl  hydroBulphide  ftmned  at  the  same  time : 

(1)   s,ci,  +  Ho.o,H, «  soa^  +  HS.C^s. 

<2)     3  SOClj  +  4  HS.C.Hs  =  SO(OCjHJ,  +  2  C,H,C1  +  4  HCl 

Aooording  to  tbis  reaction  the  sulphur  mooochloride  may  be 
regarded  as  a  siilpho-thionyl  chloride  (Carius). 

Ethyl  sulphite  is  a  mobile  liquid  which  smells  of  peppermint, 
and  has  at  first  a  cooling  but  afterwards  a  burning  sulphurous 
taste.  It  has  a  Taponr  density  of  478  (Ebelmen  and  Bouquet) 
and  a  specific  gravity  of  11063  at  0°,  and  boils  at  161"%'  It 
is  combustible  with  difficulty,  and  can  be  inflamed  only  when  it 
haa  been  {veviously  warmed. 

Mhyl  Svlphunma  Acid,  H(C2Hg)S0,,  is  not  known  in  the 
fr«6  state,  and  of  its  salts,  potastium  ethyl  sulphdie  is  the  only 
one  which  has  been  prepared.  Tbis  is  formed  when  a  solution 
of  caustic  potash  in  five  parts  of  water  is  gradually  added  to  well- 
cooled  ethyl  sulphite,  so  that  the  liquid  always  remains  colour- 
less. The  mixture  is  then  allowed  to  stand  until  the  whole  of 
the  ethyl  sulphite  is  dissolved,  and  the  solution  next  saturated  with 
carbon  dioxide  and  the  whole  allowed  to  evaporate  in  a  vacuum. 
The  residue  is  dissolved  in  90  per  cent,  spirit,  this  evaporated, 
and  the  residual  salt  crystallized  from  boiling  absolute  f^cohol. 
It  forms  delicate  silky  glistening  ciystals  easily  soluble  in  water. 
The  yield  is  only  small,  as  the  body  is  very  r«ulily  decomposed, 

'  Ann.  Ohim..  nv*.  [31,  xriL  M. 

*  Cariua,  Ann,  Cheia.  Fharm.  cii.  fiS. 

*  Ctritu,  Joum.  AwU.  Chem.  12],  u.  3SS. 
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aod  much  potassium  sulpliate  is  formed  during  its  preparation. 
Freshly  prepared,  it  is  odourless,  but  after  some  time  it  acquires 
the  smell  of  ethyl  sulphite,  and  the  aqueous  solutioa  contains 
potasaum  sulphate^ 

Htdboges  Ethtl  Sulphatb  oe  Ethyl  Suuhubig  Acid, 

233  The  cal<^um  and  barium  aalta  of  this  acid  were  obtained 
in  1802  b;  Dabit  from  the  residues  of  the  preparation  of  ether. 
These  were,  however,  regarded  as  salts  of  an  acid  having 
a  composition  intermediate  between  sulphurous  and  sulphuric 
adds.  These  observations  remained  unnoticed  until  I8I9,  when 
SertOmer  remarked,  from  experiments  made  in  1806,  that  spirit 
of  wine  unites  with  sulphuric  acid,  forming  a  compound  to 
which  he  gave  the  name  of  sulphovinic  acid.  He  showed  more- 
over that  other  acids  were  also  able  to  form  similar  vinic  acids. 
Vogel,*  in  1819,  then  investigated  sulphovinic  acid  and  its  salts 
more  accurately,  and  came  to  the  conclueion  that  the  add  pre- 
pared by  Sertiimer's  method  may  bo  considered  as  a  compound 
of  hypOBulphuric  acid  with  a  heavy  ethereal  oil,  and  is  identical 
with  Dabit's  acid.  Qay-Lussac,  in  1820,  came  to  the  sune 
conclusion,  and  so  indeed  did  Boullay  and  Dumas,  whilst 
Hennell  looked  upon  it  as  a  compound  of  sulphuric  acid 
with  a  hydrocarbon,  having  the  composition  of  olefiant  gas. 

In  1828  SeruUas  proved  that  the  compound  might  be  re- 
garded as  an  acid  sulphuric  ether,  and  its  salts  as  compounds  of 
sulphates  with  the  then  unknown  normal  ethyl  sulphate.  This 
view  was  adopted  by  the  supporters  of  the  radical  theory,  by 
whom  ethyl  sulphuric  acid  was  considered  as  a  compound 
analogous  to  bisutphate  of  potash  containing  as  its  coosUtuents 
sulphuric  acid  and  neutral  sulphate  of  ethyl  oxide : 

KO.SO,  +  HO.SOy 

KO.SO,  +  C^H^O.SOr 

Fr^paraiwn. — In  order  to  prepare  ethyl  sulphunc  acid,  con- 
centrated oil  of  vitriol  is  quickly  but  carefully  mixed  with 
strong  alcohol,  and  the  mixture  heated  ibr  some  time  oa  a 
water-bath : 

SO.  I  g  -(-  C,H,.OH  =  SO.  {  C-H  +  ^'^■ 

>  WhUU,  Ann.  Chem.  Pliantt.  czliii,  73.  *  OtO.  Jnn.  bdlL  SI. 
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The  product  always  containB  free  sulphuric  acid  aod  unaltered 
alcohol,  both  when  equal  molecules  are  employed  or  when  an 
fizcesa  of  either  compound  is  used,  and  even  if  the  heating  be 
carried  on  for  any  len^h  of  time.  Heonell,^  who  used  equal 
parts  by  weight  of  alcohol  of  specific  gravity  of  0'82  and  oil  of 
vitriol,  found  that  66  per  cent,  of  the  latter  is  converted  into 
ethyl  sulphuric  acid.  Berthelot,*  in  mising  equal  molecules  of 
acid  and  alcohol  of  94  per  cent,  strength,  obtained  the  following 
yietda: 

After  40  hours 56     per  cent. 

„     90     „         .         ...     57-4 

„     20  days 59  „ 

„  147     , 588 

When  alcohol  containing  20*7  per  cent,  of  water  was  employed, 
the  production  of  the  acid  went  on  much  more  slowly,  and  after 
a  lapse  of  147  days  the  liquid  conttuned  only  548  per  cent,  of 
ethyl  sulphuric  acid.  On  the  other  hand,  by  using  absolute 
alcohol,  the  yield  can,  according  to  Claesaoo,*  be  raised  to  77'4 
per  cent.  This  last-named  chemist  heated  a  mixture  of  alcohol 
and  pure  sulphuric  acid  on  the  vrater-bath,  and  employing,  to 
one  molecule  of  acid,  vailing  quantities  of  alcohol,  expressed  in 
molecules,  obtained  to  100  parts  of  sulphuric  add  the  yields  as 
noted  below : 

0-5  1  1-6  8  2-5  8  4 

731        571        59-6        65        72        77-4        77-4. 

From  this  it  appears  that,  when  equal  molecules  of  acid  and 
alcohol  are  employed,  57  1  per  cent,  of  ethyl  sulphuric  acid  is 
formed.  This  yield  increases,  however,  with  an  increase  in 
the  quantity  either  of  add  or  of  alcohol. 

Ethyl  sulphuric  acid  is  also  formed  when  sulphuric  acid, 
wanned  on  a  water-bath,  is  saturated  with  ether  vapour : 

2  SO,  I  g  +  (C,H^,0  -  2  SO,  {  ^g  +  H,0. 

In  order  to  prepare  ethyl  sulphuric  acid  from  the  product 
obtained  by  one  or  other  of  these  reactions,  the  mixture  is 
allowed  to  cool  completely,  then  several  times  its  volume  of 
water  is  added,  and   the  whole  is  neutralized   with   barium 
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carbonate  or  white-lead.  In  all  these  operations  a  riae  of  tem- 
perature rauBt,  as  moch  aa  possible,  be  avoided.  The  solutiou 
of  the  barium  salt  is  then  carefully  acted  upon  with  the  requisite 
quantity  of  sulphurioacid,  or  the  lead  salt  ia  decomposed  with 
sulphuretted  hydrogen,  and  the  filtered  liquid  evaporated  in  a 
vacuum  over  aulphuric  acid,  A  colourless,  oily,  very  acid  liquid 
is  thus  obtained  which  has  a  specific  gravity  of  1-035  to 
1-037.  This  is  insoluble  in  ether,  and  is  decomposed  on  long 
continued  exposure  to  sulphuric  acid  in  a  vacuum.  On  heating 
a  little  ether  is  given  o£f  ^ennell,  Sertiimer),  This  is  expltuned 
by  the  fact  that  the  acid  cannot  be  obtained  quite  anhydrous, 
inasmuch  as  some  alcohol  is  formed,  and  this  acts  in  the  usual 
way  on  the  ethyl  sulphuric  acid. 

Its  dilute  aqueous  solution  decomposes  slowly  on  standing, 
and  quickly  when  warmed  or  boiled,  into  sulphuric  acid  and 
alcohol 

Anhydrous  ethyl  sulphuric  add  is  obtained,  according  to 
Claesson,  by  slowly  dropping  chlorsulphonio  acid  into  well- 
cooled  alcohol.  Like  the  corresponding  methyl  compound,  it  is 
an  oily  liquid  which  does  not  adhere  to  the  surface  of  glass. 

The  Ethyl  Sulphates. 

333  Kthyl  sulphuric  acid  is  a  monobauc  acid  forming  a  series 
of  salts,  all  of  which  ace  soluble  in  water,  and  usually  crystallize 
well.  Some  are  very  stable  compounds,  whilst  others  decom- 
pose on  standing.  Their  dilute  solutions  can  be  boiled  without 
decomposition,  but  m  concentrated  solution  they  decompose  with 
formation  of  alcohol,  sulphuric  acid,  and  a  sulphate.  This 
decomposition  does  not  take  place  in. the  cases  of  the  salts  of 
the  alkahs  or  alkaline  earths,  provided  an  excess  of  alkaii  be 
p-esent. 

Potassium  Bihyl  Sulphate,  K(C,Hs)S04,  is  obtained  from 
the  barium  or  calcium  salt  by  double  decomposition  with 
potassium  carbonate.  It  is  usually  obtained  in  tablets  closely 
resembling  those  of  boric  acid,  but  when  slowly  crystallized,  it 
yields  large  transparent  monoclinic  tables.  At  I7°  it  dissolves 
in  0'8  part  of  water.  It  is  also  soluble  in  spirit,  but  not  in 
absolute  alcohol,  and  deliquesces  on  exposure  te  moist  air. 
When  fused  with  caustic  potash,  alcohol  is  formed,  and,  on 
heating  with  dilute  sulphuric  acid,  ether  is  produced.  This 
salt  is  frequently  employed  for  the  preparation  of  other  ethyl 
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compouDds,  becauae  this,  as  welt  as  other  ethyl  sulphates,  wheu 
heated  with  salts  of  other  acids,  yields  a  Dew  ethereal  salt  b; 
replacement  of  the  metal  by  ethyl 

Sodium  Bthyl  Sulphate,  N&{C^^80i  +  H,0,  is  formed  m 
a  cauliflower-like  deliquescent  maaa,  which  is  soluble  in  alcohol. 

Ammonium  Ethyl  Sulphaie  is  easily  soluble  in  water,  alcohol, 
and  ether,  depositiog  from  solution  in  large,  colourless,  deli- 
quescent crystals,  which  fnse  without  decomposition  at  62°. 

Calcium  Ethyl  SuljAate,  CaCC,H,SO^),  +  2H,0,  is  obtained 
by  saturating  crude  ethyl  sulphuric  acid  with  chalk.  The 
solution  thus  obtained,  which  contains  gypsum,  may  be  con- 
veniently used  for  the  preparation  of  the  forgoing  salt&  It 
crystallizes  in  tablets,  and  also  in  transparent  monocltnic  crystals, 
which  are  unalterable  in  the  air  and  easily  soluble  in  water. 

Barium  Bthyl Sulj^iate,BA{Cgli^SO^,+^Sfi,  is  isomorphons 
with  the  calcium  salt,  and  crystallizes  in  colourlesa  glistening 
tables  or  prisms,  which  dissolve  at  17°  in  092  part  of  water, 
and  is  also  soluble  in  spirit,  but  not  in  absolute  alcohol,  which 
on  boiling  removes  from  the  salt  one  molecule  of  water. 

Zead  Ethyl  SulphaU,  Pb(CjHjSOJj  -I-  2HjO,  crystallizes  in 
large  colourless  tables,  soluble  in  water  and  sjarit.  These  lose 
water  easily,  and  decompose  slowly  on  keeping,  with  formation 
of  lead  sulphate,  sulphuric  acid,  ether,  and  ethyl  sulphate,  for 
which  reason  the  salt  attains  a  pleasant  smell.  When  its 
solution  is  saturated  with  lead  hydroxide,  a  liquid  having  a 
neutral  reaction  is  obtained,  and  this  on  evaporation  in  a 
vacuum  leaves  a  residue  of  a  banc  salt,  (FbCjHgSOJjO,  as  an 
amorphous  mass.  This  is  much  more  permanent  than  the 
normal  compound,  although  very  hygroscopic  and  easily  soluble 
in  water. 

SUtxr  Ethyl  SulphaU,  Ag(C,iySO,  +  H,0,  forms  small 
glistening  tablets,  readily  soluble  in  B|arit. 

Besides  the  compounds  above  described,  various  other  ethyl 
sulphates  are  known. 

NoRitAL  Ethyl  Sulphate,  (C^gSO^. 

334  This  compound  was  examined  by  chemists  in  the  last 
century,  but  its  nature  has  only  quite  recently  been  ascer- 
tained. Formerly  this  ether  was  prepared  by  distilling  spirit 
of  wine  with  oil  of  vitriol.  This  operation  was  conducted 
in  a  retort  heated  in  a  sand-bath,  and  as  soon  aa  the  ordinary 
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ether  had  come  over,  the  receiver  was  changed  and  nonnal 
ethyl  sulphate,  or,  as  it  iras  termed,  vine-oil  or  oleum  vUrolii 
didce,  collected.  Conceming  the  formation  and  compositioa 
of  thia  body,  very  different  views  were  held.  Towards  the 
end  of  the  last  centuiy  it  was  generally  assumed  that  wine- 
oil  is  ether  rendered  impure  by  the  presence  of  a  large 
quantity  of  sulphuric  acid,  for  Wiegleb  stated  that  common 
ether  is  obtained  in  large  quantities  when  this  substance  is  dis- 
tilled with  caustic  potash.  In  the  year  1797  the  difference 
between  wioe-oil  and  common  ether  was  distinctly  pointed  out 
by  Fourcroy  and  Vauquelio,  who  assumed  that  the  first  com- 
pound stood  in  the  same  relation  to  ether  as  ether  does  to 
alcohol.  This  view  was  generally  adopted  until  Hennell,  in 
1826,  proved  that  the  compound  contains  sulphuric  acid,  and 
that  it  is  to  be  considered  as  a  compound  of  this  acid  with 
carbon  and  hydrogen,  in  which  the  latter  elements  are  present 
in  the  same  relative  quantities  as  in  ether  itself.  He  also 
showed  that,  when  wine-oil  is  heated  with  water  or  with  alkalis, 
Eulpbovinic  acid  is  formed,  whilst  a  liquid  hydrocarbon  is 
liberated.  This  in  some  cases  crystallizes,  and  possesses  the 
composition  of  olefiant  gas.  These  facta  were  fully  confirmed 
by  the  subsequent  investigation  of  Serullas,^  Marcband,*  and 
Liebig.'  Senillaa  found  that,  when  wine-oil  undergoes  distilla* 
tion,  it  yields  the  salts  of  ethyl  sulphuric  acid,  and  Liebig 
gave  to  it  the  formula  (CjHJjSO^  +  C^HgSO^  and  termed  it 
sulphovinate  of  wine-oil. 

According  to  the  recent  experiments  of  Claesson,*  wine-oil 
consists  chiefly  of  ethyl  sulphate,  generally  mixed  with  a  larger 
or  smaller  quantity  of  the  polymers  of  ethylene,  a  fact  already 
observed  by  Hennell;  this  latter  chemist  distinguishing 
between  wine*oil,  a  liquid  boiling  at  280°,  and  etherin,  a  solid 
crystalline  mass  obtained  when  the  wine-oil  is  allowed  to  stand 
f  T  some  days. 

The  first  attempt  to  obtain  pure  normal  ethyl  sulphate  was 
made  by  Wetherill,'  who  passed  the  vapour  of  sulphur  trioxide 
into  ether  or  alcohol.  He  thus  obtained  a  colourless  liquid 
smelling  like  peppermint  which  decomposes  on  beating,  and 
which,  as  Erlenmeyer  afterwards  showed,  is  a  mixture  of  normal 
ethyl  sulphate  and  ethyl  isothlonate,  CjH^  I  so  C  H 

»  Ann.  Chim.  Phy$.  izxU.  IBS.  *  Jaunt.  Pmkl.  Chem.  it,  8. 

■  Fogg.  Attn.  uL  40.  *  Journ.  Prald.  Chtm..  [2\  xix.  2SS, 

*  Aim,  Chem.  Pharm.  livi.  117. 
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Ethyl  sulphate  was  first  obttuned  in  the  pure  state  by  Glaeasoa 
in  acting  on  alcohol  with  ethyl  chlorsulphonate,  a  body  which 
will  be  described  immediately.  He  also  prepared  it  by  the 
action  of  sulphuric  acid  on  absolute  alcohol.  If  ice  and  then 
water  be  added  to  the  cold  mixture  and  the  liquid  shaken  up 
with  chloroform,  the  sulphate  is  diBsotved  and  left  behind  on 
evaporation.  Ethyl  sulphate  is  also  formed  when  silver  sulphate 
is  heated  with  ethyl  iodide  to  150*,*  Claessun  obtaining  a 
ffitisfactoiy  yield  In  this  way. 

Ethyl  sulphate  is  a  colourless  liquid,  insoluble  in  water, 
possessing  a  pleasant  peppermint-like  smell ;  it  holla  at  208" 
with  slight  decompoution,  but  may  be  distilled  unaltered  under 
diminished  pressure.  At  19*  it  poasesses  a  specific  gravity  of 
11837.  It  is  only  very  slowly  decomposed  by  cold  water,  but 
boiling  wat«r  decomposes  it  more  or  less  quickly  according  to 
the  amount  present,  alcohol  and  ethyl  sulphuric  acid  being  first 
formed.  If  ethyl  sulphate  be  heated  with  alcohol,  the  following 
reaction  takes  jdace : ' 

Ethyl  ChlorsulphojiaU,  Cl.SO^OCtHg,  was  first  prepared  by 
Kuhlmann,*  and  afterwards  more  carefully  examined  by  William- 
son *  and  Furgold.*  According  to  the  latter  chemist,  the  com- 
pound is  an  oily,  strongly  smelling  liquid,  which  can  be  distilled 
in  a  vacuum.  The  same  compound  is  obtained  purer  and  more 
readily,  as  was  found  by  Muller,*  by  leading  ethylene  gas  into 
chlorsulphonic  acid.  In  order  to  purify  the  crude  product,  it  is 
either  distilled  in  a  vacuum  or  mixed  with  ice-cold  water  and 
dried  over  anhydrous  copper  sulphate.  The  pure  compound 
boils  under  ordinary  pressure  with  slight  decomposition  at  from 
151°  to  154°  (CUeason).  It  has  a  penetrating  pnngent  smell, 
and  acts  very  violently  upon  the  eyes.  When  absolute  alcohol 
is  allowed  slowly  to  run  into  this  compound,  a  violent  reaction 
occurs,  which,  according  to  Claesson,  may  be  represented  as 
taking  place  in  two  directions : 

I  Btempnainky,  Btr.  DmbA.  (^tm.  Oti.  zl.  Ell. 
'  ErlemneTOT,  Ann.  Chem.  Miarm,  clxiL  87S> 

*  Ann.  Chan.  Pharm.  ziiiii.  IDS. 

*  Quart.  Joam.  Chtm,  See.  z.  07. 
■  Ber.  Daitick.  Chem.  Ou,  -n.  603. 

*  Ibid.  Ti.  227. 
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(1)  SO,  {  glj^H.  +  ° A0=  -  SO,  [  SoA  +  ''■^°'- 

(2)  SO,  (  S3_H.+  20,H.,0H  .  SO,  (  O^h.  +  0^  }  O  +  =«• 

If  alcohol  be  added  to  ethyl  chloFsulphonate,  ethyl  chlonde, 
hydrochloric  acid,  and  a  bquJI  quantity  of  ethyl  ether  is  formed, 
and  a  considerable  quantity  of  ethyl  sulphate: 


'^%.+  HocA-so.{gg^;  +  HCL 


noc,i 


335  Hydrogen  Ethyl  SeUnaie,  Wp^^^Oi,  is  formed  when 
eqnal  parts  of  spirit  of  wine  and  couceDtrated  selenic  acid  are 
heated  t<^ether  for  booiq  time  to  100°.  In  order  to  purify  the 
product,  it  is  diluted  with  an  equal  volume  of  water,  neutralized 
with  lead  carbonate,  and  allowed  to  evaporate  to  one-half  in  a 
vacuum.  The  greater  portion  of  the  lead  is  then  thrown  down 
in  combination  with  selenic  acid,  and  the  rest  precipitated  as 
sulphide  with  sulphuretted  hydrogen,  and  thus  an  aqueous, 
strongly  acid  liquid,  containing  ethyl  selenic  acid,  is  obtained. 
Tt  very  readily  decomposes,  and  forms  a  series  of  salts  which  are 
also  very  prone  to  decomposition.' 

Potaasium  Ethyl  SeloMte,  K(CjH^SeO^  forms  small  talc-like 
tablets  which  possess  a  sweetiafa  saline  taste. 

Lead  Ethyl  Selenate  also  crystallizes  in  tablets,  and  ia  so 
unstable  that  it  has  not  been  analyzed.  If  a  solution  of 
lead  ethylsulphate  be  added  to  its  solution  and  the  mixture 
evaporated  in  a  vacuum,  tablets  having  the  composition 

3  [Pb(C,HjSOJ,  +  2  H,0]  +  2  [Pb(C,HjSeO  Jj  +  2  H,0] 

are  deposited.    The  normal  ethyl  selenate  is  not  known. 

Ethtl  Nitbite,  CjHjNOy 

336  Raymond  Lully  is  generally  said  to  have  been  the  dis- 
coverer of  this  compound,  which  was  formerly  known  aa  nitric 
ether,  and  it  is  certainly  true  that  he  was  acquainted  with  the 
violent  action  which  nitric  acid  produces  on  aJcohol,  but  in  bis 
process  he  allowed  the  ether  to  escape.  Later  chemists  who  speak 
of  the  gpirUua  nUri  dulcis  8.  diddjkatue,  understood  by  this  term 
the  residue  which  remains  behind  after  the  reaction.     Hugena 

Fibun,  Ann,  Chem,  Pharm.  Suppl.  i.  241. 
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and  Fapin^  showed  that  when  alcohol  and  Bitric  acid  are  mixed 
t<^tber  under  the  receiver  of  an  air-pump,  an  elastio  fluid 
ie  formed.  Kunkel,'  however,  was  the  first  to  ohBerre  that 
a  liquid  which  swims  on  the  surface  of  water  may  be  obtained 
from  such  a  mixture.  This  observation  remained  unnoticed, 
because  the  so-called  nitric  ether,  largely  used  as  a  medicine, 
was  obtained  by  distilling  a  considerable  quantity  of  alcohol  with 
a  small  quantity  of  nitric  acid,  and  was,  therefore,  only  obtained 
in  dilute  alcoholic  solution.  Navier,  a  physician  at  Chalons 
sur  Manie,  observed  in  1742  the  fact  already  noticed  by  Kunkel, 
namely,  that  an  ethereal  smell  is  perceived  when  nitric  acid  and 
spirit  of  wine  are  mixed  together,  and  that  when  a  mixture  of 
equal  volumes  of  these  liquids  is  placed  in  a  vessel  and  allowed 
to  stand  for  ten  days,  an  ethereal  liquid  swims  on  the  top. 
This  fact  was  communicated  to  the  French  Academy  by  Duhamel 
in  the  above  year,  and  the  liquid  thus  produced  was  believed  to 
be  closely  allied  with  Frobenius's  ether. 

Another  method  of  preparing  nitric  ether  which  was  after- 
wards largely  employed,  eepecially  by  Berzelius,  was  su^ested 
by  Black  in  1769.  It  consists  in  pouring  nitric  acid,  water,  and 
Sfarit  of  wine  into  a  tall  vessel,  in  alternate  layers  one  above 
the  other,  when  nitric  ether  is  formed  by  the  gradual  mixture  of 
the  liquids.  Tielebein,  in  1782,  stated  that  the  best  yield  w«a 
obtained  when  the  [oocess  of  Navier  was  adhered  to,  and  strong 
nitric  acid  and  spirit  of  wine  mixed  in  the  cold,  the  vessel  being 
quickly  closed.  This  proposal  gave  rise  to  the  publication  of  a 
great  number  of  receipts  on  the  best  means  of  preparing  nitric 
ether,  all  of  which,  however,  depended  on  the  alcohol  being 
gradually  added  to  nitric  acid,  and  the  separation  of  the  nitric 
ether,  which  is  formed,  from  the  rest  of  the  liquid  either  by 
pouring  off  or  by  distillation. 

The  compound  formed  by  this  action  of  nitric  acid  on  alcohol 
is,  however,  not  ethyl  nitrate  as  was  formerly  supposed,  but 
ethyl  nitrite,  one  part  of  the  alcohol  being  oxidized,  and  the 
nitrogen  trioxtde,  thus  formed,  combining  with  another  part  ot 
the  alcohol  in  the  following  way : 

2  C^jOH  +  N,0,  =  2  CjHjNO,  +  H,0. 
Ethyl  nitrite  thus  obtained  always  contains  oxidation-products 
of  alcohol,  especially  aldehyde,  and  this  turns  alcoholic  potash 
brown  when  shiiken  up  with  the  liquid. 
'  PhU,  Tram.  KITS  *  Ipiilola  latitra  tpirUum  vini  line  addo,  ISSl. 
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Etbyl  nitrite  free  from  aldehyde  is  prepared  by  leading 
nitrogen  trioxide,  obtained  by  heating  one  part  of  stArch 
with  ten  parts  of  nitric  acid,  of  specific  gravity  1'32,  into  a 
cold  mixture  of  two  paxts  of  83  per  cent  spirit  and  one 
part  of  water.  During  this  operation  the  heat  evolved  is 
BO  great  that  the  retort  must  he  cooled  by  immersion  in 
cold  water,  and  then  the  nitrous  ether  distils  over  gpontane- 
ounly.  The  vapours  are  condensed  in  a  well-cooled  rec^rer. 
washed  with  water  in  order  to  remove  alcohol,  and  dried  over 
chloride  of  calcivuu.*  According  to  Schmidt  and  Duflos,  a  small 
quantity  of  ethyl  chloride  ia  formed  at  the  same  time,  and  for 
this  reason  it  is  better  to  dry  the  auhstance  over  carbonate  of 
potash. 

Instead  of  leading  nitrogen  trioside  into  the  liquid,  the  gas 
may  be  evolved  in  the  liquid  itself.  In  the  method  proposed  by 
£.  Kopp,*  equal  volumeB  of  spirit  of  wine  and  common  nitric  acid 
are  mixed  together,  and  copper  turnings  added,  when  a  quiet 
action  commences  by  itself,  and  the  distillation  is  completed 
almost  without  heating.  Carey  Lea'  distils  90  cc.  of  nitric  acid  of 
specific  gravity  1'37  with  150  cc,  of  90  per  cent,  spirit  and  40 
grams  of  ferrous  sulphate,  the  distillate  being  &eed  from  ether 
by  shaking  with  water.  Ethyl  nitrite  is  also  easily  formed  when 
potassium  nitrite  ts  added  to  a  mixture  of  sulphuric  acid  and 
alcohol  (Proust): 

S0«  {  ^  H  +  ^^^t  =  SO^  I  g  +  C,H,NOr 

Again,  potassium  or  sodium  nitrite  may  be  distilled  with  alcohol 
and  dilute  sulphuric  acid,  or  the  mixture  may  be  allowed  to  stand 
in  a  well-closed  bottle  surrounded  with  ice,  when  the  nitrous  acid 
converts  the  alcohol  into  the  ether.*  Accordingly  to  Foldhaus  ' 
this  is  the  best  method  of  preparation.  He  mixes  1  hter  of  a 
solution  of  potassium  nitrite,  containing  460  grama  of  the  salt, 
with  half  a  liter  of  alcohol,  and  pours  the  solution  gradually 
into  one  containing  750  grams  of  sulphuric  acid,  1  liter  of 
water  and  half  a  liter  of  alcohol.  Heat  enough  is  evolved  to 
enable  the  ether  to  distil  over,  and  a  yield  of  336  grams  t^  the 
substance  is  in  this  way  obtained. 

Ethyl  nitrite  is  a  mobile  liquid  possessing  a  pleaang  and  yet 

'  Lifbig,  Ann.  Pharm.  ixz.  H2. 
'  SUtim.  Aitier.  Jiwm.  [2],  uiiu  1 
*  Aiiin.  Ckem.  I^iarm.  cxxvL  71. 
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penetrating  ethereal  smell,  lesembling  apples  or  Hungari&n 
vine,  and  a  peculiar  pungent  taste.  It  boils  at  18°,  and  has 
a  specific  gravity  of  0900  at  15°5  and  a  vapour  density  of  2*627 
(Dumas  and  Boallay).  When  ignited  in  contact  with  air  it 
bums  with  a  bright  white  flame.  The  pure  ether  can  be  kept 
for  many  yean  without  undergoiug  any  change,  but  if  impure, 
and  especially  if  it  contains  water,  it  soon  becomes  acid  and 
gradually  evolves  oxides  of  nitrogen  in  such  quantities  that  the 
bottle  containing  it  frequently  bursts.  Alkalis,  especially  in 
alcoholic  solution,  decompose  it  quickly  with  formation  of 
alcohol.  Ammonium  sulphide  acta  violently  upon  it  according 
to  the  followi:^  equation : 

C^B-O.NO  +  3  (NHJ^  -  C,Hj.OH  +  7NH,  +  HjO  +  3S. 

No  ixace  of  an  ethyl-base  is  formed  in  this  reaction  (£.  Kopp ; 
Carey  Lea). 

The  alcoholic  solution  of  ethyl  nitrite  is  known  under  the 
name  of  spiritua  aethtria  nitron  and  is  used  as  a  medicine. 
According  to  the  British  Fharmacopceia  it  is  prepared  as 
follows :  To  1  pint  of  rectified  spirit  of  wine  add  2  fluid 
ounces  of  sulphuric  acid,  stirring  them  together:  then  add  in 
the  same  way  2^  fluid  ounces  of  nitric  acid.  Put  the  mixture 
into  s  retort  into  which  2  ounces  of  fine  copper-wire  (No.  25) 
has  been  introduced  and  into  which  a  thermometer  is  fitted. 
Attach  a  condenser  and  apply  gentle  heat ;  let  the  spirit  distil 
at  a  temperature  from  I70'  to  VJb"  (Fah.)  until  12  fluid  ounces 
have  passed  over.  Then  add  half  an  ounce  more  nitric  acid  to 
the  residue  in  the  retort  and  distil  as  before  until  the  whole 
product  makes  up  fifteen  ounces.  UiK  this  with  two  pints  of 
rectified  spirit,  or  enough  to  bring  the  specific  gravity  to  0'845. 

In  former  days  this  sweet  spirit  of  nitre  stood  in  high  repute 
amongst  physicians,  and  is  now  used  as  a  pleasant  and  mild 
irritant. 

Ethtl  NrrHATB,  CtH^NO^ 

337  It  has  already  been  stated  that  common  nitric  acid  acts 

as  an  oxidizing  agent  on  alcohol,  and  the  more  violently  the 

more  nitrous  acid  it  contains.     Hillon^   showed  in  the  year 

2843  that  this  oxidizing  action  does  not  take  place,  and  that 

nitric  eiher  is  formed,  provided  that  the  lower  oxides  of  nitrogen 

'  Ann.  Chin.  FKj/i.  {Z\  riii.  23S. 
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[ffesent  in  the  citric  acid  be  destroyed  by  the  addition  of  a 
Binall  quantity  of  urea,  the  decomposition  effected  by  tbe  niea 
being: 

CO(NH0,  +  2  HNO,  =  3  H,0  +  CO,  +  2  N^ 

In  order  to  prepare  ethyl  nitrate  according  to  Millon's  process 
a  mixture  of  60  to  75  grams  of  spirit  of  specific  gravity  0854, 
and  a  like  quantity  of  nitric  acid  of  specific  gravity  1*4,  is  dis* 
tilled  with  1  to  2  grains  of  nitrate  of  urea  at  a  gentle  heat. 
The  receiver  is  charged  as  soon  as  ethyl  nitrate  begins  to 
distil  over  instead  of  aqueous  alcohol,  and  this  point  may  be 
lecognised  by  the  peculiar  odour  of  the  distillate.  When  seven- 
e^bths  of  this  have  come  over,  the  operation  is  stopped,  the 
distillate  mixed  with  dilute  caustic  potash  and  water,  and  the 
ether  dried  over  calcium  chloride  and  rectified. 

Carey  Lea  >  has  improved  this  method  inasmuch  as  he  dis- 
solves from  four  to  five  times  the  quantity  of  urea  recommended 
by  Ifillon  in  warm  alcohol,  adding  an  equal  quantity  of  nitric 
acid  of  specific  gravity  1*401  and  distils  the  mixture  until  one- 
ilth  of  the  whole  has  passed  over.  To  the  residue,  alcohol  and 
nitric  acid  are  again  added,  and  these  operations  are  repeated 
several  times  until  the  whole  of  the  urea  is  decomposed. 

Ajjcording  to  Heintz*  the  best  proportion  is  as  follows: 
80  grams  of  nitric  acid  of  specific  gravity  '1'4  are  warmed 
vrith  some  nitrate  of  urea,  and  to  this,  when  it  is  cold,  60  grains 
of  spirit  of  specific  gravity  O'Sl  and  15  grams  of  nitrate  of  urea 
are  added,  and  tbe  mixture  distilled  to  one-eighth.  A  similar 
method  has  been  described  by  Bertoni '  for  the  preparation  of 
large  quantities  of  the  nitrate. 

Ethyl  nitrate  is  also  formed,  as  Ferscz  *  has  shown,  when  to 
20  grams  of  perfectly  pure  highly  concentrated  nitric  acid 
cooled  in  a  mixture  of  ice  and  salt,  10  grams  of  absolute 
alcohol  are  added  drop  by  drop,  tbe  mixture  being  continually 
stirred.    In  order  to  separate  the  ether,  ice  is  then  added. 

Chapman  and  Smith '  have  not  found  this  method  advan- 
tageous and  have  suggested  the  following.  Two  volumes  of 
concentrated  sulphuric  acid  and  one  volume  of  fuming  nitxic 
acid,  of  specific  gravity  1*36,  which  has  previously  been  heated 

t  Sillim.  Amer.  Jwm.  [2],  zzzii.  178;  zzsUL  80. 

■  Am.  Chem.  Pham.  cxxtu.  43.  '  Ber.  DeaUiA.  Chem.  Oa.  ix.  MH 

*  Compt.  Stud.  It.  (72.  •  /o«tr>i.  CKen.  &c  xx.  «4 
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witb  a  small  qaaotity  of  nrea,  axe  mixed  together.  To  the  cold 
mixture  a  few  grams  of  urea  are  added,  and  then  gradually  one 
parted  alcohol  for  every  three  paita  of  the  mixture,  the  whole 
being  then  well  stirred.  The  nitrate  then  sepaxatea  out  as  a 
light  layer.  Champion '  states  that  ethyl  nitrate  can  be  more 
simidy  obtained  by  brii^ing  a  cold  mixture  of  one  part  of  strong 
nitric  acid  and  two  parts  of  sulphuric  acid  into  a  well-cooled 
mixture  of  sulphuric  acid  and  strong  spirit 

Eth^  nitrate  is  also  formed  by  the  action  of  ethyl  iodide  on 
silver  nitrate,* 

Ethyl  nitrate  prepared  according  to  one  or  other  of  these 
various  processes,  is  well  washed  with  water  and  dried  over 
chloride  of  calcium  or  ignited  carbonate  of  potash.  It  is  a 
molttle  liquid  possessing  a  pleasant  smell  which  however  is 
quite  different  from  that  of  the  nitrite.  It  has  a  sweet  taste, 
but  a  bitter  after-taste.  It  boils  at  86**3,  and  has  a  specific 
gravity  at  0"  of  11322  (K.  Kopp).  When  ignited  it  bums  with 
a  bright  white  flame.  Whilst  Millon  was  ascertaining  the 
vapour  density  of  nitric  ether  according  to  Dumas's  method  and 
attempted  to  seal  the  neck  of  the  bulb  containing  the  vapour, 
heated  above  its  boiling  point,  with  a  blowpipe  flame,  a  violent 
explosion  took  place  which  broke  the  bulb.  The  vapour,  when 
heated  to  a  lower  temperature  may,  however,  be  inflamed  with- 
out explosion.  Concentrated  caustic  potash  does  not  act  at 
ordinary  temperatures  on  ethyl  nitrate,  but  an  alcoholic  solution 
quickly  decomposes  it  with  separatioa  of  crystals  of  nitre. 


Phosphites  ahd  Phosphates  of  Ethtl. 

338  Hydrogen  Ethyl  PhovpkUe  or  Eihyl  PhatphoTQua  Acid, 
H,(C,Hj)POy  is  formed  when  phosphorus  trichloride  is  allowed 
to  faU  drop  by  drop  into  well-coded  spirit  of  wise  of  qiecific 
gravity  OSSO." 

PCI,  +  2  C^OH  +  H,0  -  H/C^^PO,  +  C^H^CI  +  2  HCL    ■ 

The  solution  is  then  gently  heated  in  order  to  drive  off  the 
hydrochloric  acid  and  chloride  of  ethyl,  and  the  residue  is 
allowed  to  evaporate  to  a  syrupy  consistency  in  a  vacuum.    The 

>  Compt.  Send,  Izxriii.  1150. 

■  Wuit«r,  Ber.  DaultcK  CAcin.  Oa,  r.  408. 

■  Vnrt^  Ann.  Chim.  Fl^  {i^  xvi.  SIS. 
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acid  thus  obtained  very  readily  decomposes  into  alcohol  and 
phosphorous  acid.  The  salte,  which  however  do  not  crystallize 
well,  are  more  permanent  than  the  acid.  In  order  to  obtain 
the  b^um  sal^  the  acid  aolutioQ  is  saturated  with  bariom 
carbonate,  and  filtered  from  the  barium  phosphite.  The 
other  salts  can  be  obtained  from  the  barium  salt  by  double 
decomposition. 

Pottuaium  Ethyl  PkogphiU  forms  a  thick  syrup. 

Sariam  Ethyl  Pko^hiie,  Ba  i  Hf(^H  iPo''  **  "^  amorphous 
deliquescent  friable  mass. 

Lead  Ethyl  PhoaphiU,  Pb  {  ScSpO*'  "U^*^^^^  '»  "»"- 
tuous,  shining  scales,  unalterable  in  the  air.  Its  aqueous  solution 
gradually  deposits  lead  phosphite. 

formal  Ethyl  Fho^kite,  (C^^^O,,  is  obtained  by  acting  on 
absolute  alcohol  with  phosphorus  trichloride,  or  better  by  dis- 
solving sodium  in  alcohol,  evaporating  to  dryness,  and  gradually 
adding  the  calculated  quantity  of  phosphorus  trichloride.  In 
order  to  diminish  the  violence  of  the  reaction,  which  otherwise 
takes  place  with  evolution  of  light,  the  mixture  is  diluted  with 
five  volumes  of  pure  ether.  The  mixture  is  heated  during  the 
operation  to  the  boiling  point  of  ether,  until  no  further  acid 
vapours  are  evolved.  The  ether  is  then  distilled  off  on  a 
vater-hath,  and  the  ethyl  phosphite  is  obtained  by  subsequent 
distillation  &om  an  oil-bath.  It  is  purified  by  rectification  in  a 
current  of  hydr<^n  as  it  undergoes  oxidation  in  the  air.' 

Ethyl  phosphite  ia  a  colourless  disagreeably  smelling  liquid 
which  boils  in  an  atmosphere  of  hydrc^n  at  188°  and  in  the 
air  at  ldl°.  It  has  a  specific  gravity  of  1075  at  15°*5,  is  easily 
inflammable  and  boms  with  a  bluish-white  fiame.  It  is  not 
only  soluble  in  spirit  of  wine,  but  also  in  water.  Heated  with 
the  exactly  requisite  quantity  of  baryta  it  forms  alcohol  and 
barium  diethyl  phosphite  [FOj(CtHJJjBa,  which  remains  aa  a 
deliquescent  crystalline  mass.  Other  diethyl  phosphites  may 
be  obtained  from  this  by  double  decomposition ;  these  are  all 
soluble  and  difficultly  or  non-crystallizable.  When  diethyl 
phosphite  is  heated  with  an  excess  of  baryta  solution  the  soluble 
barium  salt  of  dibasic  ethyl  phosphoric  acid,  PO,{C,Hj)Ba, 
crystallizes  out.  The  other  salts  of  this  add  do  not  crystallize. 
The  existence  of  two  etbyl  phosphoric  acids,  the  one  monobasic 
1  Bailton,  CKtm.  Son.  Jmirn,  riL  814. 
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(Wortz)  asd  tiie  otiier  dibaaic  (Railton),  can  be  ezplained  by  the 
{bllowing  fonnnbe : 

Wnrti'i  Jiiai.  Bailtoii'i  Add, 

/H  /C,H, 

0  =  P-OH  O  =  P-OH 

\0C^  \0H 

According  to  this,  the  latter  acid  should  be  identical  with 
ethyl  phoBphinio  acid  obtained  by  oxidizing  ethyl  fJiosphine,  but 
this  is  not  the  case.  Whilst  the  latter  is  a  very  stable  compound, 
the  dibaaic  ethyl  phosphoric  acid  cannot  be  isolated,  and  if  the 
barium  salt  be  boiled  with  water,  barium  phosphite  and  alcohol 
are  formed.     These  compounds  require  re-investigation. 

Chloride  of  Ethyl  Fha^hormu  Acid,  T{OG^^Cl^  is  formed 
when  absolute  alcohol  ia  allowed  to  rua  into  the  calculated 
quantity  of  phosphorus  trichloride,^  It  is  a  strongly  refracting 
fuming  liquid,  boiling  at  117'  and  having  a  specific  gravity 
at  0°  of  1'316,  Water  acts  violently  upon  it  with  formation 
of  phosphorous  acid,  hydrochloric  add  and  alcohoL  By  the 
further  action  of  alcohol  it  is  transformed  into  the  compound 
P(OC,HJ,0L 

The  three  compounds  obtained  by  the  action  of  phosphorus 
trichloride  on  alcohol,  yield  with  chlorine  or  bromine,  the  ethyl 
group  in  the  form  of  haloid  salt : 

P(OC,Hb),  +  CI,  -  P0(0C,H,),C1  +  c,H,a 

In  this  case  the  chloride  of  diethjlphosphoric  acid  is  ob- 
tained, whilst  the  chloride  of  diethylphosphorous  acid  yields 
dichloride  of  ethylphospboric  acid,  PO(C^,0)Clv  and  the 
chloride  of  ethyl  phosphorous  acid  ia  converted  into  phosphorus 
ozychloride.* 

Aeid  Ethyl  iyiyA<Mp**fe,  O  |  SqC^^OH'  "  ^°'  ^^™  '° 
the  firee  statti,  but  its  zinc  salt  is  produced  together  with  other 
products  when  zinc  ethyl  is  heated  to  140°  with  phosphorus 
pentozide.  The  barium  salt  has  the  compositioti  p20g(C,Hg),Ba.* 

339  Phosphaiea  of  Ethyt  Tribasic  orthophosphoric  acid  forms 
three  ethyl  compounds,  two  acid  and  one  normal. 

fOH  rOH  ("OC^ 

PO-^  OH  PO-^  OCA       PO^  OC,H, 

(0C,H,  (0C[h,  (OC^ 

'  MmtKhntkin,  A**.  Chan.  Pham.  ezxxix.  313. 
■  Widulhrniu,  Jim.  Chem.  Phana.  Sopnl.  tI.  3G7. 
*  SUling,  ZtOtcK  Chin.  [2^  Ui.  2SS. 
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Ethyl  PAospAoric  Acid,  POjC^,(OH)p  ma  discovered  in 
1820  by  Xiassaigne^  and  afterwards  investigated  b;PeIouze' 
and  Liebig.*  In  order  to  prepare  it,  equal  parts  of  vitreous 
pboEphoric  acid  and  strong  spirit  are  heated  for  some  minutes  to 
from  60°  to  80'.  After  standing  for  twenty-four  hours  the  liquid 
is  diluted  with  eight  volumes  of  water,  neutralized  with  barium 
carbonate,  and  boiled  in  order  to  drive  off  the  excess  of  alcohoL 
When  the  liquid  has  cooled  down  to  70°,  it  is  filtered  and  allowed 
to  stand  in  order  that  the  barium  salt  may  crystallize  out  The 
aqueous  solution  is  then  decomposed  with  the  requisite  quantity 
of  sulphuric  acid.  The  lead  salt  may  also  be  prepared,  and 
this  decomposed  by  sulphuretted  hydrogen.  The  filtrate  is 
first  evaporated  over  a  lamp,  and  is  then  concentrated  by  stand- 
ing over  sulphuric  acid.  An  oily  odourless  liquid  is  thus 
obtained  whicti  possesses  a  biting  add  taste.  When  heated, 
it  evolves  the  vapours  of  alcohol  and  ether,  and  afterwards 
ethylene  ga&  Its  aqueous  solution  may  be  concentrated  by 
boiling  up  to  a  certain  point  without  decomposition  ensuing. 

Ethyl  phosphoric  acid  is  also  foimed  when  ether  is  treated 
with  concentrated  phosplioric  acid.^  It  may  also  be  prepared 
by  acting  with  phosphorus  ozycbloride  on  aqueous  spirit  (Schiff), 
as  well  as  by  the  action  of  iodine  and  phosphorus  in  the 
preparation  of  ethyl  chloride  (Reynoso). 

The  etkgl  jghmpKiUu  of  the  alkaline  metals  are  deliquescent, 
and  cry^iallize  imperfectly. 

Barium  Ethyl  Phtaphaif.,  BaCjHjPO^  crystallizes  in  short 
quadratic  prisms  or  six-sided  tables,  and  possesses  an  unpleasant 
bitter  saline  taste.  It  loses  its  water  of  crystallization  at  120°. 
Its  solution  saturated  at  40°  deposits  crystals  both  on  cooling 
and  on  heating. 

Lead  Ethyl  Phoi^ie,  FbCtHgFO^  +  H,0,  is  the  least  soluble 
of  all  the  ethyl  phosphates,  and  is  therefore  easily  obtained  by 
precipitating  the  foregoing  salts  with  sugar  of  lead.  It  can  be 
obtained  in  the  crystalline  state  from  solution  in  boiling 
water. 

ATtmie  Ethyl  Phosphate,  As^C^gPOJ^  is  formed  l^  dis- 
solving arsenic  trioxide  in  a  boiling  solution  of  the  acid,  and 
forms  fine  feathery  needles. 

Chloride  of  Mkyl  Pho^oric  Add.  POj(C^^Cl,,  is  not  only 
formed  by  the  methods  above  described,  but  also  when  equal 
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molecules  of  alcohol  and  phosphorus  trichloride  are  allowed  to 
act  upon  one  another.  It  is  an  oilj,  readily  decomposable  sub- 
stance, which,  when  distilled  in  a  current  of  hydrogen,  boils 
jcetty  constantly  at  167*. 

Diethyl  Phoaphoric  Acid,  H(C,Hg)jP04.  In  order  to  pro- 
pare  this  acid,  phosphorus  pentoxide  is  allowed  to  deliquesce 
under  a  bell-jar  in  the  vapoun  of  anhydrous  alcohol  or  ether. 
After  one  or  two  weeks  a  syrupy  Uquid  is  formed  which  con- 
tains the  above  compound,  together  with  phosphoric  acid,  ethyl 
phosphoric  acid,  and  frequently  traces  of  triethyl  phosphine. 
The  easily  soluble  lead  diethyl  phosphate  is  then  prepared,  and 
this  decomposed  by  sulphuretted  hydrogen,  the  filtrate  being 
allowed  to  evaporate  in  a  vacuum  over  sulphuric  acid,  when  the 
aind  is  obtained  as  a  noQ-crystallizable  synip.  The  diethyl- 
^toaphattt  are  soluble  in  water  and  easily  crystallizable. 

Ltad  Diethyl  PhoxphaU,  Pb(CgHj)^CPOJ,.  If  the  impure 
acid  obtained  as  above  described  be  saturated  with  white-lead, 
and  the  filtrate  evaporated,  tablets  of  a  difficultly  soluble  lead 
salt  first  separate  out,  and  the  solution  becomes  acid.  If  this 
be  again  neutralized  with  white-lead,  an  insoluble  lead  pre- 
cipitate b  thrown  down,  and  the  filtrate  yields  on  evaporation 
crystals  of  lead  diethylphosphate,  which  may  be  purified  by 
recrystallization.  The  salt  is  deposited  in  needles  easily  soluble 
in  water  and  in  hot  spirit.  They  melt  at  180°,  and  the  fused 
salt  cools  to  a  stellar  crystalline  mass. 

Chioride  of  DietkylpJiosphoric  Acid,  PO,(CjHj)jCl,  has  been 
already  mentioned  (see  p.  363).  It  is  formed  by  the  action  of 
phosphorus  oxychloride  on  the  calculated  quantity  of  alcohol, 
and  is  a  liquid  decomponng  on  distillation. 

Normal  Ethyl  Phosphate,  (CjH(),PO^  was  first  obtained  by 
Togeli  by  heating  lead  diethyl  phosphate  to  190° : 

PbCC^J/POJ,  =  (C,IU(POJ  +  PbC^jPO, 

It  is  also  formed  when  silver  phosphate  is  heated  to  100°> 
with  ethyl  iodide,  as  well  as  when  phosphorus  oxychloride,*  or 
pentachlwide  *  acta  on  sodium  ethylate  or  absolute  alcohol :  * 

POCI,  +  3  HO.C,Hj  =  PO(OC,H,),  +  3  HCL 
It  bas   already   been  stated   that   small  quantities   of   these 

'  Clennont,  Jan.  Chim.  FKyi.  [3],  zliv.  B30. 

*  Limpricht,  Anii.  Cliem.  Phattn.  cuziv.  S17. 

*  Genther  and  Bi«choff,  Jimm.  Praki.  Chem,  [2],  tU.  101. 

*  SeUSt,  Ann.  Chem.  FAarm,  d.  39S. 
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compounda  are  also  formed  when  alcohol  vapour  acts  upon 
phosphorus  pentoxide.  If  the  reaction  be  allowed  to  take 
place  quickly,  a  conaiderable  quantity  is  formed.  According  to 
Carius*  the  pentoside  should  be  mixed  with  three  or  four  times 
its  volume  of  anhydrous  ether,  and  then  half  the  theoretical 
quantity  of  alcohol  added,  and  the  ethyl  phosphate  separated 
from  the  diethylphosphoric  acid  by  distillation. 

Ethyl  phosphate  is  a  colourless  liquid  possessing  a  peculiar 
pleasant  smell  and  a  burning  taste,  having  at  12°  a  specific 
gravity  of  1072  and  boiling  at  215",  though  towards  the  end  of 
tile  distillation  the  boiling-point  roaches  as  high  as  240°,  and  a 
black  acid  residue  remains.  In  a  current  of  hydrogeu,  on  the 
other  hand,  it  boils  constantly  at  203°  (Wichelhaus).  It  ia 
miscible  vnth  water,  and  the  solution  soon  becomes  acid  with 
formation  of  diethylphosphoric  acid  (Carina) ;  this  decomposition 
takes  place,  however,  very  slowly  (Limpricht). 

Ethffl  Pyrophosphaie,  (CjHj)jPjOj,  is  obtained  by  beating 
silver  pyrophosphate  with  ethyl  iodide  to  100°,  as  an  oily  liquid 
possessing  a  peculiar  smell  and  a  burning  taste.  It  is  soluble 
in  water,  alcohol,  and  ether,  and  its  aqueous  solution  soon 
becomes  acid.  * 


The  Ausenites,  kBSESA.T7s,  abd  Boiu.tes  of  Ethtl. 

340  Ethyl  Arsenite,  (fl^^^AsO^,  is  formed  by  the  action  of 
ethyl  iodide  on  «lver  arsenite,  as  well  as  by  heating  together 
ethyl  silicate  and  arsenic  triozide  to  200°,  when  silica  or  an  ethyl 
polysilicate  separates  out.  It  is,  however,  best  obtained  by 
treating  arsenic  tribromide  with  sodium  etbylate,  au  excess  of 
the  latter  substance  being  carefully  avoided,  as  it  acts  at  once 
upon  the  ethereal  salt  with  formation  of  common  ether.  In 
order  to  decompose  the  excess  of  arsenic  tribromide,  the  re- 
Bolti&g  material  is  treated  with  dry  ammonia,  which  unites  with 
the  bromide  to  form  a  compound  insoluble  in  spirit  and  in  ether. 
It  is  then  filtered  off,  and  the  arsenite  purified  by  distillation. 
It  is  a  colourless  liquid  boiling  at  165'  to  166°,  and  having  a 
specific  gravity  of  1224  at  0°.  It  is  quickly  decomposed  by 
wat«r,  with  separation  of  arsenic  trioxide.* 

^  Carini,  Ann.  Chem,  Pharm.  cxzzrii.  121. 
'  Clermont,  Atm.  Chan.  Pharm.  xa.  376. 
*  CUmou^  Bua,  aoc  Ckim.  [3J,  nii.  SM;  xiv.  90. 
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Sthyl  ArsetuUe,  (CjHJjAsO^  is  obtained  by  heating  silver 
arsenate  to  100°  with  the  cakolated  quantity  of  iodide  of  ethyl 
diluted  with  ether.  It  is  a  colourless  liquid,  which  boils  under 
the  ordinary  atmospheric  pressure,  with  slight  decomposition  at 
235°  to  238°,  but  may  be  distilled  in  a  vacuum  without  de- 
compositioQ.  It  dissolves  in  water  with  decomposition,  the 
solution  yielding  all  the  reactions  of  arsenic  acid.' 

Ethyl  Orthdborate,  {C^^^^Of,  was  discovered  by  Ebelmen  in 
1845,  and  investigated  by  this  chemist  and  Bouquet.  They 
obtained  it  by  saturating  alcohol  with  gaseous  boron  trifluoride.* 
These  experiments  were  afterwards  corroborated  by  Bowman,* 
and  H.  Rose  noticed  that  ethyl  borate  could  also  be  easily  pre- 
pared by  distilling  a  mixture  of  two  parts  of  anhydrous  borax 
and  three  parts  of  potassium  ethyl  sulphate.*  Frankland  em- 
ployed this  reaction  in  his  investigation  on  the  organic  com- 
pounds containing  boron,^  and  Found  that  from  the  distillate, 
which  contains  a  ]aiga  quantity  of  alcohol,  ethyl  borate  could 
be  best  separated  by  the  addition  of  one-fourth  part  ita  weight 
of  fosed  calcium  chloride ;  after  this  has  dissolved,  two  layers  of 
liquid  make  their  appearance,  of  which  the  upper  one  contains 
the  whole  of  the  ethereal  salt,  and  this  con  be  purified  by 
fractional  distillatioa.  It  also  ts  formed  by  heating  boron  trioxide 
with  alcohol  for  some  time  to  120°,  and  may  be  readily  obtained 
from  the  portion  of  the  distillate  comii^  over  above  100°,  by 
addition  of  a  small  quantity  of  sulphuric  acid. 

Ethyl  borate  is  a  thin  colourless  liquid  boiling  at  120°,  having 
a  specific  gravity  of  0'861  at  26°'5,  a  vapour  density  of  514, 
and  burning  with  a  green  flame.  It  has  a  peculiar  pleasant 
smell  and  a  hot  bitter  taete.  It  is  easily  decomposed  by  water, 
with  separation  of  boric  acid.  When  heated  with  boric  trioxide, 
eihi/l  tneiaborate,  (CjH^t^jOf,  is  formed  as  a  thick  colourlesb 
liquid,  converted  at  200*  into  ortboborate  and  ethyl  triborcUe, 
CjHjBgOg.  This  latter  is  a  gummy  mass,  which,  like  the  other 
borates,  is  decomposed  by  water,  with  separation  of  boric  acid.' 

'  Clennont,  Bull.  Soe.  Chim.  f2],  tIu.  SOfl ;  xiT.  99.  ^ 

'  Ann.  Chim.  Phyi.  [3],  iviL  65. 
»  FhU.  Uag.  [3],  iiii.  6*8. 

*  Fogg,  Ann.  icriii.  2*6. 

■  Ann.  Ckem.  Pharm.  dxiT.  129;  FkU.  Trant.  1862,  167. 

*  Bchi^  Aim.  Chtm.  i^oniv,  BagpL  v.  lU. 
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Ethti.  Silicates. 

341  Ethyl  Ortkosaicate.  (CjHJ^SiO^  is  formed,  as  Ebelmen* 
has  shown,  by  the  action  of  silicoa  chloride  on  absolute  alcohoL 
It  is  a  mobile  pleasantly  smelling  liquid,  having  a  strong  taste  of 
peppermint,  boiling  at  165'''5,  and  having  at  0°  a  specific  gravity 
of  0'9676.  This  ethereal  salt  is  easily  inflammable,  burning 
with  a  brilliant  white  fiame,  depositing  clouds  of  very  finely 
divided  silica,  which  is  insoluble  in  alkali.  It  is  slightly 
attacked  by  water,  in  which  it  is  insoluble.  On  exposure  to 
moist  air,  it  gradually  decomposes,  and  a  small  quantity  which 
Friedel  and  Crafts'  had  kept  for  three  years  in  a  badly  stoppered 
bottle  was  completely  converted  into  a  mass  of  sihcic  acid, 
which  was  so  hard  that  it  scratched  glass.  Absolute  alcohol 
dissolves  this  ethereal  salt  without  alteration,  and  aqueous 
spirit  decomposes  it  quickly,  with  formation  of  ethyl  polysili- 
cates.  When  ethyl  silicate  is  heated  with  silicon  chloride  in 
a  closed  tube  to  150°,  one  or  other  of  the  following  chlorhydrins 
are  formed,  according  to  the  quantities  of  the  constituents 
present: 

BoillDg-paiDt 
Si(0C,H5),Cl  ....  155''-7  to  15T 
SiCOCjHJjCl,.  .  .  .  ISe"  to  138' 
Si(OC,Hj)Cl,  ....     103°    to  105' 

These  compounds  are  colourless  liquids,  easily  decomposed  by 
water,  and  converted  by  the  action  of  ethyl  alcohol  into  ethyl 
silicate,  whilst  the  other  alcohob  give  mixed  ethers,  as,  for 
example,  the  following: 

Boiling.poiot, 
Si(0C,HB)30CHj.  .  .  .  155°tol5r 
SiC0C,Hj),C0CH3%  .  .  liS'toUT 
SiCOCjH^COCHj),.    .    .     133°  to  135° 

Ethyl  IHsUicate,  {CjHJgSigO,,  ia  formed  by  the  action  of 
silicon  chloride  on  alcohol  containing  a  small  quantity  of  water, 
and  is  hence  usually  formed  in  the  preparation  of  the  ortho- 
silicate  : 

2  sioi,  +  6  Ho.c,H,  +  H,o  .  0 1 IJ^;^;  +  8  Ha 

<  ^n..  Ckim.  Ph^.  [3],  xri  111.  ■  £uU.  Soe.  Chm.  t.  171,  SIS 
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It  IB  an  oily  liquid,  resembliag  the  orthosilicate  in  its  smell ; 
is  eauly  inflammable,  boils  between  233°  and  234°,  and  possesses 
at  0°  a  speciflc  gravity  of  10196  (Friedel  and  Crafts). 

Ethyl  Meiamlicaie,  (CjHJjSiO,.  This  is  formed,  according  to 
Ebelmen,  by  the  action  of  silicon  chloride  on  aqueous  alcohol. 
It  is  a  slightly  smelling  liquid,  wliich  boils  at  350°,  and  is  de- 
composed by  water.  Heated  with  a  small  quantity  of  water,  a 
gummy  mass  is  obtained,  which  on  cooling  forms  a  glassy  solid, 
and  is  said  to  have  the  composition  (C,Hf)^i,0,.  Friedel  and 
Crafts  were  unable  to  obtain  this  compound. 


Ethyl  Caebonates. 

343  Hydrogen  Ethyl  Carbonate  or  HthylcarUmie  Aoid, 
H(CjHj)COy  This  compound  is  not  known  in  the  free  state,  bat 
its  corresponding  potassium  salt  has  been  obtained  by  Dumas 
and  Feligot'  by  passing  dry  carbon  dioxide  into  a  solution  of 
caustic  potash  in  absolute  alcohol,  the  solution  being  well  cooled ; 

CO,  +  C,Hj.OH  +  KOH  =  CO  I  ^5  jj  +  H,0. 

At  the  same  time  both  normal  and  acid  potassium  carbonate 
are  formed.  In  order  to  separate  these,  the  liquid,  as  soon  as  a 
considerable  quantity  of  precipitate  has  been  formed,  is  shaken 
with  an  equal  volume  of  ether  and  the  solid  mass  collected  on  a 
filter.  From  this  mass  absolute  alcohol  dissolves  only  the  ethyl 
potasuum  carbonate,  and  this  may  be  obtained,  on  addition  of 
ether,  in  the  form  of  a  pearly  ciystalline  precipitate,  which  is 
decomposed  slowly  by  aqueous  alcohol,  but  quickly  by  water : 

CO { Cc,H.  +  H.0  -  '^{ol  +  HOCA- 
The  corresponding  sodium  compound  is  formed,  according  to 
Beilstein,  as  a  white  precipitate,  when  carbon  dioxide  acts,  on  an 
alcoholic  solution  of  sodium  etbylate,'  and  when  normal  ethyl 
carbonate  is  heated  with  sodium  ethylate  to  120°  (Qeuthei) : 

Normal  Ethyl  Carbonate,  (C,H5)jC0g.  This  body  was  dis- 
covered by  KttUng^  in  1836,  and  obtained  by  him,  together 
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with  carboB  moDozide  and  otber  products,  by  heating  pure  ethyl 
oxalate,  (CjHgjjCjO,,  with  sodium.  Cahonre*  then  showed  that 
it  was  also  formed  when  the  metal  potassium  was  employed. 

This  peculiar  reaction  has  not  as  yet  found  any  satisfactory 
explanation.  Ethyl  oxalate  is  indeed  distinguished  from  ethyl 
carbonato  by  on  increment  of  CO,  but  as  in  the  formation  of 
this  latter  compound  the  alkali  metal  disappears,  the  decompo- 
sition  cannot,  as  QmeUn*  remarks,  be  explained  by  the  supposi- 
tion of  a  catalytic  action.  Hence  it  is  probable  that  the  following 
reaction  takes  place : 

2  {0,H(),C,0.  +  Na,  =  (ptR^fiO^  +  2  C,H,ONa  +  3  CO. 

The  other  products  which  have  been  observed  are  formed  by 
the  action  of  sodium  ethylate  on  ethyl  oxalate.  Qeuther,'  who 
has  investigated  this  subject  carefully,  states  that  oxalic  ether 
can  also  be  converted  into  ethyl  carbonate  when  it  is  treated 
with  sodium  ethylate,  and  Dittmar  and  Cranston*  came  to  the 
same  conclusion,  finding  that,  when  one  molecule  of  sodium 
ethylate  was  used  with  four  molecules  of  ethyl  oxalate,  three 
molecules  of  ethyl  carbonate,  and  three  molecules  of  carbon 
dioxide,  together  with  about  0'4  molecule  of  alcohol,  aa  well 
as  other  products  not  exactly  examined,  were  formed.  Accord- 
ing to  Qeuther,  ethyl  formate  is  also  produced,  as  well  as  a 
small  quantity  of  a  crystalline  acid  and  two  different  brovm 
amorphous  bodies  having  an  acid  character. 

Ethyl  carbonate  is  prepared  by  distilling  a  mixture  of  ethyl 
potassium  carbonate  and  ethyl  potassium  sulphate,'  as  well  as 
by  acting  on  ethyl  iodide  with  silver  carbonate.*  It  is  a  colour- 
less, pleasantly  smelling  liquid,  boiling  at  126°,  and  having  a 
specific  gravity  uf  09998  at  0'  (Kopp)  and  a  vapour  density  of 
4-09  (Calionrs).  It  is  easily  inflammable,  burning  with  a  blue 
flama  Treated  with  chlorine,  it  yields  substitution-prod ucts,  of 
which  the  last  is  perchlorethyl  carbonate,  (C,CIj),CO^^  This 
crystallizes  in  small  white  needles,  which  have  a  faint  smell,  melt 
at  85° — 86',  and  may  be  partially  distiUed  without  decomposition, 
though  yielding  at  the  same  time  carbon  dioxide,  hexchlorethane, 
and  trichloracetyl  chloride.' 

>  Jnn.  Fharm,  zlvii.  291.  *  Bandiook,  ix.  132. 

■  ZeiiKh.  Chmt.  ISSS,  M3.  *  Jour*.  Chmi.  Soe.  [2],  vii.  441. 

■  CtuuiMl,  Compt.  Bend,  zxiii.  587.  *  Clermont,  t&  xxiiz.  83S. 
'  Cftbonn,  Arm.  Chem.  Fharm.  zlvii.  264, 

•  Hnkgati,  -<nii,  Chim.  Phy.  [3],  jvi.  80. 
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CO  I  g^»g}»  =  C.Cl,  +  CO,  +  CClyCOCl. 

Ethyl  OrthocaTbonate,  C(OC,Hg)^  was  discovered  by  Banet,^ 
who  prepared  it  by  the  action  of  sodium  on  a  solution  of  chloro- 
picrin  in  absolute  alcohol : 

4NaOC,H(  +  CCVNO,  -  C(OC,H^,  +  3NaCl  +  NaNO,. 
It  is  an  aromatic-smelling  liquid,  boiling  at  ISS" — 159*,  and 
easily  decomposed  by  alcoholic  potash,  with  formation  of  potas- 
sium carbonate.     When  heated  for  six  hours  with  boron  trioxide 
to  100°,  the  following  reaction  takes  place : ' 

(C,H5),C0,  +  2B,0,  -  (C^s)iCOj  +  {CjHOAOt- 
MOiyl  CkloTocarbonate,    CO  i  Qp  „  ■     ^^'^  compound    was 
first  obtained  in  1833,  by  Dumas,'  by  the  action  of  carhonyl 
chloride  on  absolute  alcohol : 

C0{Cj+H0.CA-C0{g3^_.Ha 

It  is  a  colourless  mobile  liquid,  boiling  at  94°,  and  having  a 
specific  gravity  of  1*133  at  15°.  It  posaeases  a  suffocating  and 
irritating  odonr,  but  if  the  vapour  be  mixed  with  a  laige  quan- 
tity of  air,  it  possesses  a  pleasant  smell.  In  contact  with  warm 
water,  partial  decomposition  occurs,  with  formation  of  hydro- 
chloric acid,  and  vith  alcohol  it  decomposes  slowly,  with  forma- 
tion of  ethyl  carbonate.*  This  last  ether  is  also  formed  when 
ethyl  chlorocarbonate  is  treated  with  sodium  : 

200  {  ^,H.  +  N'^  -  00  {  00.H.  +  CO  +  2  N.a 

A  similar  reaction  also  occurs  when  this  cbloro-ether  is  acted 
upon  with  sodium  ethyl  carbonate  :  ^ 

00  {  00,H.  +  00  {  OC.H>  _  CO  {  00.H.  +  oo,  +  N.C1. 

243  Ethyl  Carbamate,CO  <  rtpir   was  obtained  by  Dumas,*  in 

'  Joum.  Chem.  Son.  [2],  ii.  198 ;  Jnn.  Chem.  Pharm.  czzzii  Si. 
'  Ann.  Chijn.  Pkys.  [2],  liy.  228 ;  Ann.  Pharm.  i.  277. 
'  Bntloroir,  ZeilsA.  rT&tm.  IBeS,  184. 

*  Wilm  and  Wuchin,  ^im.  Chem.  Phann,  czlvii.  ISO. 

•  Wyai,  StT.  DeulteA.  Chmi.  Oa.  a,  847. 
■  Jmh,  CMm.  Phyi.  lir.  2Zfi. 
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1833,  by  acting  with  ethyl  chloroctirbonate  on  aiamoma,  and  he 
termed  it  uretbane, because  it  maybe  conaidered  as  a  compound 
of  urea  vith  ethyl  carbonate.  This  name  was  afterwards  changed 
in  accordance  with  the  usually  adopted  nomenclatnie  for  the 
carbamine  salts.  Ethyl  carbamate  is  also  formed  when  the 
carbonate  is  allowed  to  remain  in  contact  with  cold  ammonia, 
whilst  when  heated,  urea  is  formed.^  It  ia  also  produced  by  the 
action  of  cyanogen  chloride  on  alcohol* 

aCN  +  2  CjHjOH  -  CjHjCl  +  (,  ^^i  I  CO. 

Ether  may  be  also  employed  instead  of  alcohol,  the  reaction 
then  taking  place  slowly.*  It  is  also  formed  together  with  ethyl 
aUophanat«,  when  the  vapour  of  cyanic  acid  is  passed  into 
alcohol  or  ether;* 

HO.CN  +  CjH^OH  -  c  H^  }  °°- 

In  order  to  prepare  this  compound,  ethyl  carbonate  is  allowed 
to  remain  in  contact  with  an  equal  volume  of  aqueous  ammonia 
until  the  ether  has  all  dissolved,  and  then  the  Hquid  is  allowed 
to  evaporate  in  a  vacuum.  In  this  way  fine  transparent  ctTstala 
are  obtained,  easily  soluble  in  water  and  alcohol  Ethyl  carba- 
mate melts  below  100°,  and  on  cooling,  ^ain  solidifies  to  a 
spermaceti-like  mass.  When  perfectly  dry,  it  boils  without 
decomposition  at  180°,  subliming,  however,  at  a  lower  tempera- 
ture. In  the  moist  state  it  partially  decomposes  on  heating, 
with  formation  of  ammonium  carbonate. 

Mkylamidometkyl  Carbonate,  CO  <  ^  a  ^  ,  is  formed  by 
acting  on  ethyl  chlorocarbonate  wiUi  a  strong  aqueous  solu- 
tion of  methylamine.  It  ia  a  colourless  not  unpleasanlJy 
smelling  ethereal  liquid,  lighter  than  water,  and  boiling  at  170°. 
The  etherproduced  in  a  corresponding  way  &om  ethylamine  is  a 
very  similar  body,  boiling  between  175-6°.' 

>  Cfthoon,  Ctmpt.  Said,  xsl  129. 

*  Wniti,  Cam.pl.  BtruL  izii.  SOS. 

•  Qofa,  Arf.  18S7,  207. 
'  Liebig  ud  W5hler,  .^nn.  Chem,  PAorm.  lir,  870;  IniL  SM. 


*  Liebig  mi 

*  Sobiuaw, 


k  Prakt.  Chtm.  [2],  zxi.  124, 
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Ethtl  Allophasate,  CjN'jHgOj.CjHs. 

344  This  ether  ttob  first  obtained  by  Liebig  and  Wohler,  in 
1830,  by  passing  the  vapour  of  cyanic  acid  into  alcohol,  and 
described  by  them  under  the  name  of  cyanic  ether.*  Fifteen 
years  later  they  found  that  this  compound  contains  neither 
cyanic  acid  nor  cyanuric  atnd,  but  a  new  acid,  for  v hich  they  pro- 
posed  the  name  of  allopbanic  acid,  because  it  is  a  substance 
different  &om  that  which  from  its  mode  of  formation  might 
have  been  expected.*  Absolute  alcohol  absorbs  the  vapour  of 
cyanic  acid  with  such  avidity  that  the  liquid  begins  to  boil. 
Hence  it  is  best  to  dilute  the  alcohol  with  an  equal  volume  of 
ether,  and.  to  allow  the  saturated  liquid  to  stand  for  twenty- 
four  hours,  when  the  compound  crystallizes  out  in  fine  prisms, 
having  a  peariy  lustre.  These  are  best  obtained  by  saturating 
ether  with  cyanic  acid,  evaporating,  and  then  adding  95  per 
cent,  spirit,  and  allowing  the  solution  to  stand. 

Ethyl  allophanate  is  also  formed  when  a  solution  of  potassium 
cyanate  in  aqueous  alcohol  is  acidified,*  aa  likewise,  together 
with  ethyl  carbonate,  when  ethyl  chlorocarbonato  is  brought 
into  contact  with  potassium  cyanate  and  absolute  alcohol :  * 

2  ClCOjCjHs  +  2  KOCN  +  3  HOCjHj  =  2  KCa 
+  2  (C,HsO),CO  +  C,H,N80,C,H(. 

Ethyl  allophanate  is  tasteless  and  odourless,  only  slightly 
soluble  in  cold  water,  alcohol,  and  ether,  but  more  soluble  in  the 
wsnn  liquids.  It  also  dissolves  without  alteration  in  hot  nitric 
acid  and  dilute  sulphuric  acid.  It  melts  at  190-1*,  and  decom* 
poses  when  it  is  allowed  to  stand  at  this  temperature  for  some 
time,  with  formation  of  alcohol  and  cyanuric  acid  (Amato).  Its 
constitution  is  recc^nised  by  the  fact  that  it  is  also  formed  when 
ethyl  chlorocarbooate  acts  upon  urea :  ^ 

/NH,  /NH, 

CO  +     CIOO.OC^,     =    CO  +  HCl 

VNH,  \NH-CO.OCjHs 

It  is  also  formed  by  the  direct  union  of  cyanic  acid  and  ethyl 

1  Fogg.  Aim.  xx.  890.  *  Aim.  Chan.  Pharn,  liz.  291. 

■  Amato,  G<a3.  Ohm.  Itat.  iiL  409.  *  Wilm,  lAOi^t  Ann.  cxciL  248, 

•  'Wilm  and  Vischin,  Am*.  Chim.  Phomt.  ezlviL  ISO, 
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carbamate,  which  Is  the  first  prodact  of  the  actioD  of  cyanic 
acid  on  alcohol  (par.  243).^ 

/NH,  /NH-CO-NH, 

CO  +  NCOH  =  CO 

\OC,H,  \OC,H^ 

On  the  other  hand,  the  allophanate  is  decomposed  into  two 
molecules  of  ethyl  carbamate  by  heating  it  with  spints  of  wine 
to  160*.  If  ethyl  allophanate  be  heated  with  ammonia  to  100° 
luoret  is  formed : 


^' 


lO.NH,  /CO.NH, 

H  +  NH,  =  NH  +  HO.C,H.. 

\CO.O0,H,  \CO.NH, 


Hence  biuret  {Vol  I.  p.  652)  is  the  amide  of  allophanic  add, 
a  substance  which  does  not  exist  in  the  free  state,  although  a 
series  of  ethers  and  a  few  unstable  salts  are  known.  These 
tatter  are  obtained  by  the  action  of  alkalis  and  alkaline  earths 
upon  the  ethers,  and  their  aqueous  solutions  decompose  very 
easily  on  heating  with  formation  of  urea. 

Diethyl  Cr/ananiidocarbtmate,  N(GN)(CO.OCtHJy  is  formed 
by  the  action  of  ethyl  chlorocarbonate  on  sodium  cyanamtde 
(Vol.  I.  p.  676).  It  is  easily  soluble  in  alcohol,  separating 
from  the  solution  in  large  glistening  crystals.  When  heated 
with  sodium  ethylate  the  sodium  salt,  N(CN)(CO.OC^j)Na,  is 
formed,  crystallizing  in  glistening  ciystala  which  melt  at  241*. 
Concentrated  sulphuric  acid  acting  upon  this  latter  compound, 
yields  tlie  mondhyl  ether,  N(CN)(CO.OC^b)H,  a  yellowish 
syrupy  liquid  having  an  acid  reaction  and  a  burning  taste.  This 
is  decomposed  by  boiling  water  into  carbon  dioxide  and  alcohoL 
If  the  sodium  salt  be  heated  with  ethyl  iodide,  an  ether  is 
formed,  having  the  composition  N(CN)(CO.0C,HJC,H,;  this 
IS  an  oily  liquid  boiling  at  about  213^' 

JHeihyl  Guanidine  CarbmuUe.  CNH(NH.CO.O.C,H,)^  is 
formed  by  the  action  of  ethyl  chlorocarbonate  on  guauidine 
(Vol  I.  p.  680): 

NH,  NH.CO.OC,H, 

C=NH    +    2C100.0C,H,     =    C=NH    +    2HCL 

NH,  NH.C0.0C^6- 
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Thin  compoQiul  is  insoluble  in  water,  but  diaaolves  readily  in 
alcohol,   CTTStalliziDg  in  colourless   crystals  melting  at   162". 
When  heated  with  alcoholio  ammonia  to  100*,  the  monethyl 
compound  of  uretbane  is  produced : 
NH.OO.OC,Hs-  NH, 

C=NH        +      NH,      =      C=NH  +  NH^CO.OC^, 

NH.C0.0CjH5  NH.CO.OC,Hj. 

This  monetbyl  ether  is  a  powerful  base,  crystallizing  from 
aqueous  solution  in  rhombic  tablets  and  fonmng  a  series  of 
well-crystallizable  salts.^ 

Ethyl  Formate,  CjH(CHOy 

345  In  the  communication  already  referred  to  under  fbrmic 
acid,  Aif vedson,  in  1777,  states  that  when  formic  acid  is  distilled 
with  spirit  of  wine,  oily  drops  of  a  liquid  appear,  the  properties 
of  which  be  did  not  further  investigate.  Elve  yeais  later 
Bucholz  obtained  this  ether  in  the  same  way,  separating  it  from 
the  alcoholic  distillate  by  means  of  water. 

According  to  Kopp*  ethyl  formate  is  best  prepared  by 
bringing  8  parts  of  anhydrous  sodium  formate  into  a  retort  and 
pouring  on  it  a  mixture  of  7  parts  of  88  per  cent,  spirit  and 
1 1  parts  of  Bulphuric  acid,  bo  much  heat  being  evolved  that  the 
ether  distils  and  may  be  collected  in  a  well-cooled  receiver. 
This  ether  is  also  formed  as  a  by-product  in  the  preparation  of 
ethyl  oxalate  (Lowig),  and  also  by  heating  hydrogen  ethyl 
ozaJate,  (C,H^HC,0^  with  glycerin  to  100°,  the  reaction  which 
here  takes  place  being  exactly  analr^us  to  that  of  the  fimnatioii 
of  formic  acid  from  oxalic  acid.  It  is  not  necessary  for  this 
purpose  to  prepare  pure  ethyl  oxalic  acid,  but  the  crude  product 
obtained  by  heatii^  oxalic  acid  for  a  long  time  with  alcohol 
may  be  employed.^  A  still  more  simple  method  is  to  heat 
anhydrous  glycerin  with  equal  molecul^  of  ahx>hol  and  oxalic 
acid,  connecting  the  flask  vrith  a  reversed  condenser  until  com- 
plete decomposition  has  occurred ;  the  oxalic  acid  then  requires 
to  be  warmed  and  the  ether  distils  over.* 

'  Ksneki,  Str.  Dtultch.  0km.  Ott.  viL  ICSS ;  J-mm.  Praia.  CRm.  [81  xyii 
237. 

•  Chnnsli,  PhU.  Mag.  H],  xL  637. 
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The  distillate  obtained  according  to  one  or  other  of  these 
methods  is  shaken  up  with  milk  of  lime  in  order  to  remove  free 
acid,  and  then  dried  over  chloride  of  calcium  and  rectified. 

According  to  Dittmar '  the  product  thus  obtained  is,  however, 
not  quite  pure.  In  order  to  remove  the  impurities  it  must  be 
wanned  for  some  time  with  anhydrous  copper  sulphate  and  then 
distilled. 

Ethyl  formate  is  a  thin,  mobile  liquid,  possessing  a  pleasant 
penetrating  and  aromatic  smell,  and  cooling  taste.  It  boils  at 
54°-9,  and  at  0°  has  a  specific  gravity  of  0'9447  (Kopp).  One 
part  of  the  ether  dissolves  in  nine  parts  of  water.  It  is  hygro- 
scopic and  most  be  kept  over  calcium  chloride,  as  it  decomposes 
in  contact  with  water.  The  ether  is  much  used  for  the  artificial 
preparation  of  arrack  and  rum. 

IHchlorethyl  FormtUe  is  obtained  by  the  action  of  chlorine  on 
ethyl  formate  in  diffused  daylight.  It  is  a  colourless  oily  liquid 
having  a  bitter  taste  and  aromatic  smelL  This  decomposes  on 
heating,  is  slowly  attacked  by  water,  and  more  quickly  by 
aqueous  alkalis  with  formation  of  acetic  acid,  formic  acid,  and 
hydrocbloric  acid.'     Hence  its  constitution  is  CI^.CCljO.CHO. 

Perchiorethyl  ChlorformaU,  C,C1b.0.CC10,  is  obtained  from 
the  foregoing  substance  by  the  continued  action  of  chlorine 
in  the  sunlight  It  is  a  transparent,  colourless  liquid,  boilii^  at 
200\  havii^  a  penetratii^  smell  and  unpleasant  taste.  Like 
many  other  perchlorinated  compounds  this  ether  is  ensily  decom- 
posed. Water  and  alkalis  yield  trichloracetic  acid,  hydrochloric 
acid,  and  carbon  dioxide,  whilst  with  alcohol  it  combines  to  form 
ethyl  trichloracetate  and  ethyl  chlorocarbonate.* 

£tkyl  Ortho/ormaie.  CH(OC,Hj),.  This  compound  was  for- 
merly called  tribasic  formic  acid,  and  was  first  prepared  by  Kay 
and  Williamson*  in  1854  by  the  action  of  chloroform  on  sodium 
ethylate.  It  is  also  formed  when  sodium  is  added  to  a  mixture 
of  chloroform  and  absolute  alcohol.'  Various  other  methods 
have  been  reccRnmended  for  its  preparation."  According  to 
Deutsch,'  the  following  is  the  best.  A  mixture  of  12  parts 
of  chloroform  and  14  parts  of  absolute  alcohol,  dilated  with 

>  Jtmnt.  Chem.  Sue.  uL  47T. 

*  Halaimti,  Ann.  CMm.  FKyi.  [2],  liz.  809. 

*  CloSi,  Ann.  ChiiK.  Phyt.  [3],  zrii  397. 

*  Proe.  Sog.  Soe.  viL  ISG.  *  Ohemicdl  JVmo^  tiL  15S. 

*  SawiUch,  Bull.  Soe.  Ckim.  1860 ;  L*d«iibiuf[  tod  WichelliMU,  Ann.  CA«m, 
Hutm.  ctii.  164 ;  Stapff,  Zeitxh.  Cltan.  1871,  I«6. 

'  Btr.  DntieK.  ChtM.  0**.  lii.  US. 
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anhydrous  ether,  is  brought  into  a  flask  provided  with  a  reversed 
condenser,  and  7  parts  of  sodium  gradually  added.  As  soon  as 
the  action  is  over,  the  product  is  poured  into  water,  the  liquid 
which  separates  out  washed  frequently  with  water,  then  dried, 
and  the  ether  ohtained  in  the  pure  state  by  fractional  distillation. 
This  compound  boils  at  145°-146'  and  possesses  a  specific 
gravity  of  0'8964.  It  has  a  stroogly  aromatic  smelt,  and  when 
heated  with  acetic  acid  or  acetyl  oxide  it  yields  ethyl  formate 
and  ethyl  acetate  (Sawitsch,  Basset) : 

CH(OC,H0.  +  ggO}o  =20^^^0+0,^1.0. 

When  bromine  is  added  to  ethyl  orthoformate  it  is  absorbed 
with  slight  evolution  of  beat,  and  without  formation  of  hydro- 
bromic  add.  The  colour  disappears,  one  molecule  of  bromine 
being  used  for  every  two  of  the  ether.  If  the  liquid  be  now  dis- 
tilled, etbyl  bromide,  alcohol,  ethyl  formate,  and  ethyl  carbonate 
are  ohtained.  This  reaction  probably  takes  place  according  to 
the  foUowii^  equations  (Ladenbnrg  and  Wichelhaus) : 

(1)  CH(OC,HJ,  +  Br,  =  C^jBr  +  00(OC,HJ,  +  HBx. 

(2)  CH(OC^^,  +  HBr  -  0^,Br  +  CH  |  ^c^^^ 

(3)  CH|^g,^  =  CHO(OC^g)  +  HO.CA- 

Elhyl  Orthogilico/ormaU,  SiH(OC^j)„  is  obtained  by  the 
action  of  absolute  alcohol  on  stlioon-chloroform  (Vol.  I.  p.  561). 
It  is  a  colourless  liquid  boiling  at  134°,  possessing  a  pleasant 
smell  similar  to  that  of  ethyl  silicate,  and  is  decomposed  slowly 
by  water,  and  quickly  in  presence  of  alkalis  with  rapid  evolution 
of  hydrogen.  On  treatment  with  sodium  the  compound  decom- 
poses as  follows : 

4SiH(0C,Hs),  =  SiH,  +  3Si(0CjEj)^ 

The  sodium  does  not  enter  inte  the  products  of  decompouUon 
and  its  mode  of  action  has  not  yet  been  explained.^ 

*  Fnwlal  Nod  LadanbtPib  ^n*.  Ckan,  Fkcart%.  ezliii.  118. 
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SULPHUR   COMPOUNDS   OP    ETHYL. 

346  Slhi/l  BydroBviphide  or  Ethyl  Mereaptan,  C,K^SS.  This 
compound  waa  obtained  hj  Zeise  in  1833  b;  distiltii^  calcium 
ethyl  sulphate  with  a  solution  of  barinm  bydrosulphide : 

Ca(SO.C^^  +  Ba(SH),  =  2  C,Hg.SH  +  CaSO,  +  BaSO,. 

Mereaptan,  as  Zeise  named  this  substance,  ia  also  formed  when 
an  alcoholic  solution  of  potassium  hydroBulphide  is  saturated 
with  ethyl  chloride  and  then  the  product  distilled,  the  current  of 
ethyl  chloride  being  continued.^  According  to  Liebig,*  it  is 
beet  obtained  by  saturating  caustic  potash  of  specific  gravity 
1'3  with  sulphuretted  hydrogen,  adding  on  equal  volume  of  a 
solution  of  caUuum  ethyl  sulphate  of  the  same  specific  gravity 
and  distilling.  It  ia  likewise  easily  obtained  by  acting  with 
phosphorus  pentakulphide  on  alcohol'  For  other  methods  of 
preparing  mereaptan  the  original  memoirs  may  be  consulted.* 

In  order  to  purify  the  crude  product  it  is  £rst  separated  from 
water,  dried  over  chloride  of  calcium,  and  distilled.  The  first 
portions  passing  over  consist  of  almost  pure  mereaptan,  whilst  a 
qufuatity  of  ethyl  disulphide  f(mned  at  the  same  time  remains 
behind.  This  latter  substance  is  not  formed  when  the  mereaptan 
is  prepared  according  to  Regnault's  method. 

In  order  to  free  it  from  sulphuretted  hydrogen,  which  is 
difficult  to  remove,  it  is  best  to  rectify  it  over  mercury  mercap- 
tide.  It  may  also  be  obtained  in  the  pure  state  by  the  decom- 
position of  this  same  compound,  a  description  of  which  will  be 
found  in  the  sequel  (Zeise). 

Ethyl  hydrosulpbide  is  a  colourless  liquid  having  a  penetrating 
garUc-like  smell,  and  unpleasant  taste.  It  boils  at  36°'2,  has  at 
21°  a  specific  gravity  of  0835,  and  possesses  a  vapour  density 
of  2188  (Renault).  A  drop  solidifies  on  a  glass  rod  exposed 
to  a  current  of  air,  yielding  a  white  mass  which  soon  melts  and 
evaporates  (Liebig).  When  mixed  with  water,  and  the  mixture 
cooled  to  4- 2*,  crystals  are  formed  which  melt  ^^sun  at  12°, 
decomposing  into  mereaptan  and  water.'  These  possess  the 
compoution  CjH^  +  18H,0   (Claesson).       Mereaptan    forms 

I  Bagnaolt,  jtiut.  CMm.  Fhy.  [2],  lixi.  8M. 

*  Ann.  Fh»rm.  t\.  14, 

*  EtkuU,  Ann.  Cbtrn.  I*arm.  xc  SIO. 

*  SwM,  Amt.  Chen,  fharm.  U.  348 ;  K  Eopp,  ik  Vdr.  320  ;  Debuj,  &,  Izxii 
18;  Izzv.  121:  Cuiiu,  ib.  czu.  190;  Sehiii;  it.  oxrUi.  M. 

*  U.  Hiiller,  .^nA.  Fharm.  [3],  cl.  147. 
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tvo  compouiuls  with  titanium  chloride,  of  which  the  first, 
TiCIf  +  CjH^,  is  depocdted  in  blackish-ied  crystals,  vhiUt  the 
other,  TiClt  +  2CjHgS,  has  a  bright  scariet-red  eoloor,  and 
cTTBtallizes  well.^  Mercaptan  is  easily  inflammable,  burning  with 
a  blue  sulphur-like  flame.  Nitric  oxide  is  quickly  absorbed  by 
this  substance  giving  rise  to  a  dark  blood-red  solution.  Ethyl  mer- 
captan,  both  in  the  pure  state  and  in  stJution  in  water,  possesses 
a  neutral  reaction.  The  hydrogen  which  is  combined  wil^  the 
sulphur  may  readily  be  replaced  by  metals  wiiii  formation  of 
compounds  termed  mercaptides. 

Fotassium  Mercaptide,  CjHgSE,  is  formed  with  evolution  of 
hydrogen,  wheu  potassium  is  disBolved  in  mercaptan;  and  it 
remains  behind,  when  the  excess  of  the  volatile  liquid  is  evapo- 
rated, in  the  form  of  a  granular  mass,  which,  when  heated, 
nndei^oes  decomposition. 

The  sodium  compound,  prepared  in  a  similar  way,  forms  a 
mow-like  mass.* 

Lead  Mercaptide,  (G^^S)J?\>,  is  thrown  down  on  mixing 
alcoholic  solutions  of  mercaptan  and  lead  acetate  as  a  yellow 
crystalline  precipitate,  which  dissolves  in  an  excess  of  lead  ace- 
tate and  crystallizes  from  solution  in  needles.  It  is  unaltered 
by  caustic  potash. 

Coipper  Mercaptide,  (CjHgS),Cu,  is  a  pale  yellow  precipitate 
ebtained  when  a  solution  of  potassium  mercaptide  is  brought  in 
contact  with  one  of  copper  sulphate. 

Silver  Mercaptide,  C^H^SAg.  Uercaptan  acts  upon  silver  oxide 
so  violently,  even  when  it  is  diluted  with  alcohol,  that  ignition 
may  take  place.  Mercaptan  produces  a  snow-white  precipitate 
in  solution  of  silver  nitrate,  but  this  precipitate  appears  always 
to  contain  nitric  acid. 

Mercuric  Mercaptide,  (CjHjS)2Hg.  Mercaptan  acts  violently, 
irith  evolution  of  heat,  on  solutions  of  mercuric  salts  yielding 
a  precipitate  of  the  above  compound.  In  order  to  prepare  it, 
mercury  oxide  is  added  in  small  quantities  to  ethyl  bydrosul- 
phide  well  cooled  with  ice,  and  the  mass  thus  obtained 
Fecrjrstallized  from  boiling  dcohoL  Glistening,  colourless, 
transparent  tablets  are  obtained,  which  melt  at  80°,  and  then 
dolid^y  to  a  solid  mass.  This  compound  is  decomposed  above 
130°  with  formation  of  vapours  which  attack  the  eyes  power- 
fully.    It  dissolves  in  concentrated  hydrochloric  add  without 

'  DanuTtay,  fuO.  jSIm.  Chim.  [21,  n.  127. 

'  CbMMD.  Bull.  Soc  CSUm.  [SI  xxr.  181 ;  Joum.  FrakL  Chtm.  [3],  zr.  IM, 

D.qitizeabyG00<^lc 


880  THB  ETHTL  GROUP. 

decomposition,  and  on  cooling  the  dilute  boiling  acid,  it  eeparates 
out  in  glistening  crystals.  It  is  also  unattacked  by  caustic 
potash.  It  forms  a  difBcoltly  aoluble  compound  with  meicuric 
chloride  (CgHgS)^g  +  HgCl,,  obtained  in  the  form  of  glistening 
tablets  from  boiling  alcoholic  solution. 

Sumiiih  Mercaptide,  (O^BS)jBi,  is  obtained  by  the  .action 
of  bismuth  nitrate,  and  crystallizes  in  elastic  yellow  needles 
easily  soluble  in  acids  and  alcohol,  and  precipitated  when  the 
acid  solution  is  neutralized  (Claesson). 

Gold  Mercaptide,  C^H^SAu.  Uercaptan  does  not  act  upon 
gold  oxide  so  violently  aa  upon  silver  oxide.  If  dilute  aqueous 
solutions  of  auric  chloride  and  mercaptan  are  mixed,  a  semi- 
solid moss  of  aurous  mercaptide  is  formed,  the  chlorine  which  is 
evolved  decomposing  a  portion  of  the  mercaptan.  Tliis  com- 
pound, when  dried,  forms  a  light  amorphous  mass  resembling 
ahiminium  hydroxide. 

PltUinvm  Mercaptide,  {C,HjS)jPt,  is  a  pale  yellow  precipitate, 
which  on  exposure  to  air  becomes  heated  nearly  to  incandescence, 
leaving  a  black  residue  of  sulphide  of  platinum. 


Ethtl  Sdlphide.  (CjHJjS. 

347  ^1^  ^'^  ^t  obtained  in  1833  by  Dbbereiner,^  and 
afterwards  more  fully  examined  by  Begnault.*  In  order  to 
obtain  it,  gaseous  ethyl  chloride  is  passed  into  an  alcoholic 
solution  of  potassium  hydrosulphide,  and  the  operation  conducted 
exactly  as  described  under  metiiyl  sulphide.  It  may  also  be 
easily  prepared  by  distilling  an  alcoholic  solution  of  potassium 
monosulphide  with  potassium  ethyl  sulphate.'  It  is  further 
obtained  by  the  action  of  phosphorus  pentasulpbide  on  etber,^ 
and,  together  with  mercaptan,  when  the  pentasulphide  is 
allowed  to  act  upon  alcohol.  The  ntetallic  sulphides,  which 
are  decomposed  by  hydrochloric  acid,  also  yield  this  compound 
when  they  are  heated  with  the  haloid  ethyl  ethers,'  and  some 
ethyl  sulphide  is  likewise  formed  when  these  sulphides  are 
brought  together  with  a  mixture  of  hydrochloric  acid  and 
alcohol* 

'  StluBtigg.  Jirmn.  IzL  877. 

■  Ann.  Ckim  Fkyt.  ii],  Ini.  387. 

*  Hobwm,  Quart.  Joum.  Chan.  See.  z.  K 

*  Beckmann,  Jaitm.  PraJd.  Chan.  [2],  xviL  4S1. 

■  Resnanlt,  lue.  eU. 

*  haa.  Aim.  Oan.  Phgt.  [3],  niii.  4il ;  lir.  4X 
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To  prepare  pure  ethyl  sulphide  the  crude  liquid  is  washed 
with  water,  dried  over  chloride  of  calcium,  or,  hetter,  over 
phosphorus  peutozide,  and  then  carefully  distilled.  It  is  a 
colourless  liquid,  having  a  strong  garlic-like  smell,  but  some- 
what less  unpleasant  than  mercaptan.  At  0*  its  specific  gravity 
is  08367  ;  it  boils  at  92°,^  and  its  vapour  has  a  density  of  310. 
(Regoault.) 

If  chlorine  be  passed  into  cold  ethyl  sulphide  in  the  dark, 
substitution-products  are  fonned,  which  have  been  investigated 
by  Regnault*  and  Biche.*  Sthyl  sulphide  also  combines  with 
many  metallic  chlorides  and  iodides.* 

Sthyt  SuijAide  Mercuric  Chloridt,  (CjHJjS.HgCl^  is  obtained 
as  a  white  crystalline  mass,  when  an  aqueous  solution  of  corro- 
sive sublimate  is  shaken  op  with  ethyl  sulphide.  It  is  soluble 
in  alcohol  and  ether,  and  crystallizes  from  solution  in  the  latter 
solvent  in  fine  monoclinic  prisms  melting  at  90°,  and  possessing 
an  aromatic  smell.  These  lose  ethyl  sulphide  on  exposure  to 
air,  and  become  opaque. 

Etkyl  Svipkide  Mtrcttrie  Iodide,  (CjHj)jS,HgI^  is  formed  by 
heatii^  the  foregoing  compound,  or  mercuric  sulphide,  with 
alcohol  and  ethyl  iodide  to  100°  for  several  hoars.  It  is  depo- 
sited in  yellow  needles  soluble  in  alcohol  and  ether,  melting  at 
110°  and  decomposing  at  180°. 

Mthyl  Sulphide  Tiianium  Chloride,  2(C(Hs)jS.TiCl^  forms  fine 
dork-red  crystals.  Another  compound  of  a  similar  constitution 
is  known,  which  does  not  crystallize  well,  and  has  a  rose-red 
colour.  CC(H(i)jS  +  Tia,  (Demar^ty). 

Ethyl  Sulphide  Platinum  Chloride,  2CC,Hj)^.Pta,,  is  ob- 
tained in  a  similar  way  to  the  mercury  compound,  and 
crystallizes  in  yellow  needles. 

Sthyl  Methyl  Sulphide,  CjH((CHg)S,  was  first  obtained  by 
Cariua^  by  heating  ethyl  dithiophosphate  with  methyl  alcohol 
to  150°.  It  is  also  formed  when  the  alcoholic  solution  of 
sodium  ethyl  mercaptide  is  heated  with  methyl  iodide.*  This 
compound  is  a  dis^reeably  smelling  quid  boiling  at  68°,  and 
forming  a  crystalline  compound  with  mercuric  chloride. 

^  Beckmann,  lot.  eil. 

»  lb.  [3],  xliii,  238.  • 

•  Aim.  Chan.  Phann.  cdx.  818. 

■  KriigBr,  Jovm.  PraJO.  Chem,  [!],  xiT. 
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ETHTLSOUHUrB  COMPOUHDB. 

348  DietkylmUpkine  Compotmda.  When  ethyl  sulphide  is 
added  Atop  by  drop  to  well-oooled  nitric  acid  o(  specific  gravity 
1-2  it  dissolves,  uid  forms  a  nitrate  corresponding  to  the  methyl 
compoaad.  This  is  a  thick  liquid.  The  compoond  has  not  been 
obtained  in  the  pure  state.  By  the  action  of  barium  carbonate 
on  its  aqueous  solution,  duthylaulphim  oxide,  (CjHj)fSO,  is 
obtained. 

This  is  a  thick  colourless  liquid  soluble  in  water,  aloohol  and 
ether,  which  on  cooling  yields  a  ciystalline  mass,  and  decomposes 
on  heating.^  When  treated  with  hydriodic  acid,  or  with  sine 
and  sulphuric  acid,  it  is  reduced  to  ethyl  sulj^ude,  and  when 
wanned  with  fuming  nitric  acid  it  is  partially  converted  into 
diethj/Uuipkoru,  (C^HJ^Of.  [This  latter  compoond  may  be 
obtained  in  the  pure  state  by  shaking  ethyl  sulphide  with  a 
solution  of  potassium  permanganate.'  It  forms  rhombic  tables 
soluble  in  water  and  alcohol,  melting  at  72°,  and  gubliming  at 
100°,  though  not  boiling  till  248°,'  On  tieatment  with  zinc  and 
sulphuric  acid  it  remains  unaltered,  and  is  likewise  unacted  upcm 
by  hydriodic  acid  and  phosphorus  pentachloride  (Beckmaui). 

Tnetkylstilphine  Compounds,  These  bodies  were  discovered 
by  Oefele,*  and  afterwards  investigated  more  carefully  by  Dehn^ 
and  CabouTB.*  The  iodide  is  easily  formed  by  heating  ethyl 
sulphide  with  ethyl  iodide. 

TridhylavXphint  Hydroxide,  (CjHJ,SOH,  is  obtained  by  the 
action  of  freshly  precipitated  silver  oxide  on  an  aqueous  solution 
of  the  iodide.  The  solution  when  dried  in  an  exsiccator  leaves 
a  crystalline  extremely  deliquescent  mass.  This  possesses  a 
strongly  alkaline  reaction,  attacks  the  skin  like  caustic  pota^, 
decomposes  ammoniacal  salts,  precipitates  the  eolutiona  of 
metals,  and  dissolves  aluminium  hydroxide. 

TriethylgvipMne  Chloride,  (C^H^jSCl,  is  obtained  from  the 
hydroxide  by  saturation  with  hydrochloric  acid.  It  ctystallixes 
in  deliquescent  needles  difficultly  soluble  in  alcohol,  and  com- 
bines with  a  number  of  metallic  chlorides  te  form  double  salts 
such  as  2(C,HB)gSCl  +  PtCl,.  This  latter  is  deposited  from 
solution  in  hot  water  in  yellowish-red  monoclimc  prisms. 

■  BeekmutD,  Jmtn.  Pratt,  Chtm.  (2],  zrii,  462. 

■  Oefta^  Ann.  Ckem.  Pharm.  cuTii.  870  ;  exxxiL  82. 

»  Jft.  cxiiii.  88.  •  Lot.  int. 

*  Ann.  CMm.  Phntm.  SnppL  iv.  8B.  •  Ann.  CkiiK.  Phy*.  [5],  x.  IS. 
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Tri^yltttiphine  Bromide,  (0,H,)aSBr,  is  obtained  on  heating 
ethyl  bromide  with  ethyl  sulphide  to  a  temperature  of  130°— 
1*0°.  It  forma  colourlesa  rhombic  ciTBtals,  easily  soluble  in 
water  and  di£Bcultly  soluble  in  alcohol. 

TrieihylKuiphiM  Iodide,  (C,Hj)jSI,  is  easily  formed  by  beat 
ii^  ethyl  sulphide  with  ethyl  iodide  in  a  flask  connected  with 
an  inverted  condenser.  It  is  easily  soluble  in  water  and  boiling 
alcohol,  and  crystallizes  ia  colourless  and  odourless  rhombic 
crystals  which  have  a  disagreeable  taste. 

TriethylsulpkiM  NiiraU,  (CjHj)jSNOg,  is  obtained  by  decom- 
pofflng  the  iodide  with  silver  nitrate.  It  crystallizea  in  extremely 
deliquescent  needles,  and  forms  with  silver  nitrate  the  double 
salt  {C,Hs),SNO,  +  AgNO»  This  latter  compound  crystallizes 
in  tablets  difficultly  soluble  in  alcohoL 

Tritthylstdphine  Sulj^uUe,  [(,Cfi^aS]^0^,  crystallizes  imper- 
fectly and  is  easily  soluble  in  water,  but  dissolves  with  difficulty 
in  alcohol. 

TritthyUvXphine  Cyanide,  (CjH^,SCN,  is  obtained  by  heating 
a  solution  of  the  iodide  with  sUver  cyanide,  and  forms,  on  con- 
centration, a  thick  syrup,  which  on  long  standing  in  the 
exsiccator  yields  deliquescent  needlea  Caustic  potash  decom- 
poses it  into  ethyl  sulphide,  propionic  add,  and  ammonia.^ 
Several  triethylsulphine  salts  of  oiganic  acids  are  known, 
Didhylmethylsalpkinc  Compounds.  When  ethyl  sulphide  is 
heated  with  methyl  iodide,  diethylmethylsulphine  iodide  ia 
formed.  This  is  not  crystallizable,  and  decomposes  easily  with  evo- 
lution of  ethyl  sulphide.  When  its  solution  is  heated  with  mmst 
silver  chloride  the  corresponding  chloride  is  obtained,  and  this  is 
also  a  very  unstable  compound.  Its  solution  evaporated  in  a 
vacuum  yields  a  thick  syrup.  The  hydroxide  obtained  &om  the 
iodide  by  means  of  silver  oxide  does  not  crystallize,  and  the  salts 
obtained  by  the  action  of  acids  are  also  mostly  non-crystallizable. 
On  the  other  hand,  the  chloride  yields  well-dedned  double  salts. 
Didhyltaetkyltulphine  PUUinic  Chloride,  2(CjH^jCH^l  + 
PtCIy  crystallizes  from  water  in  bright  yellow  cubes,  octohedrons, 
tetrahedrons,  and  other  forms  of  the  r^ular  system.  These  on 
drying  fall  to  a  yellow  powder,  and  ^ey  melt  at  214°  with 
evolution  of  unpleasantly  smelling  vapours. 

Didhyljiuikylmlphint  Mereune  Chloride,  (C,B^\CB^Cl  + 
CHgClj,  forms  colourless  apparently  hexagonal  crystals  which 
melt  at  198°. 

'  G&Qtre,  ZeiliA  Cheat.  1608,  022. 


;abyG00<^lc 


884  THE  ETHYL  QHOOP. 

EthylmethyleihylmlphiTie  Comjxnmdt.  The  iodide,  C,Hj(CH^ 
CjHgSI,  is  obtained  b;  the  union  of  ethyl  iodide  and  methyl 
ethyl  sulphide,  and  crystallizea  in  long,  veiy  deliquescent  needle^ 
and  yields  a  non-crystalline  chlorida 

Ethylmethyltihylt^phine  Platinie  Chloride,  20^f(CH^ 
C^jSCl  +  PtCl,,  is  a  dark-red  precijutate  insoluble  in  alcohoL 
It  crystallizes  &om  aqueous  solution  in  long,  apparently  mono- 
clinic  prisms  which  on  drying  fall  to  a  rose-ied  powder,  melting 
with  decomposition  at  186°.  If  crystallized  frequently  from 
water,  or  warmed  for  a  long  time  on  the  water-bath,  this  com- 
pound is  converted  into  the  isomeric  dietbylmethyl  oompound, 
which,  however,  cannot  be  reconverted  into  the  compound  under 
discussion. 

EthylTtteihylethylsalphine  Mereurie  Chloride,  C,Hj{CH^ 
CjHjSCl  +  2HgCI,,  is  a  diflBcultly  soluble  white  precipitate 
crystallizing  from  hot  water  in  rhombic  tables  melting  at  112°. 

Besides  these,  other  double  salts  belonging  to  both  series  are 
known.' 

Ethyl-tMocarbamide  Iodide,  CS(NH,)jC(HjI,  may  be  con- 
sidered in  connection  with  the  triethylsulphine  compounds.  It  is 
obtained  by  heating  ethyl  iodide  with  sulphur-urea  (Vol.  I.  p. 
654),  and  yields  with  water  and  silver  oxide  a  strongly  alkaline 
solution  from  which  rhombic  crystals  separate  on  addition  of 
hydrochloric  acid  and  platinic  chloride.* 

Conttttution  of  the  SvXphine  Compoandt. — Two  explanations 
have  been  given  respecting  the  constitution  of  the  suiphine 
oompounda  According  to  one  of  tbem,  these  compounds  are 
to  be  regarded  as  built  up  of  two  molecules,  and  the  isomerism 
of  the  two  groups  above  mentioned  can  in  this  way  be  readily 
explained.  Moreover  this  explanation  is  in  accordance  with 
the  fact  that  triethylsulphine  cyanide  on  heating  with  alkalis 
acts  as  if  it  were  a  compound  of  ethyl  sulphide  and  ethyl 
cyanide. 

According  to  the  second  hypothesis,  these  bodies  are  not  mole- 
cular compounds,  but  contain  tetrad  sulphur.  Much  may  be 
said  for  this  view.  If  the  iodides  are  heated,  they  do  not 
decompose  into  the  constituents  from  which  they  were  obt^ned. 
One  part  volatilizes  without  decomposition,  but  tbe  larger 
portion  decomposes  with  formation  of  free  iodine,  hydriodic 
acid,  and  other  products. 
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T£  the  first  vieir  of  their  constitution  be  accepted,  the  hydr- 
oxides most  be  regarded  as  compounds  of  a  sulphide  with  an 
alcohol,  and  they,  therefore,  ought  easily  to  decompose  into  these 
when  heated.  This,  however,  is  not  the  case ;  they  yield,  on  the 
contrary,  various  other  products  of  decomposition,  which  as  yet 
have  not  been  properly  investigated.  If  the  sulphines  are 
regarded  as  atomic  compounds,  we  must  assume  that  the  four 
combining  units  of  sulphur  are  unsjmmetrical.  On  this  point 
the  subsequent  chapters  on  theoretical  chemistry  must  be 
consulted. 


Ethtl  Disulphide,  (C,H5)jS,. 

349  '^^  compound  was  obtained  first  by  Zeise  ^  by  distillii^ 
calcium  polysulphide  with  potassium  sulphovinate,  and  was 
termed  by  him  thialoL  It  is  also  formed  by  various  other 
reactions,  of  which  the  most  important  theoretically  is  the  action 
of  iodine  on  sodium  mercaptide :  * 


NaSCjHs 


+    I,    =     I  +    2NaL 


Ethyl  disulphide  is  also  formed  when  mercaptan  is  heated  for 
six  hours  at  150°  with  the  requisite  quantity  of  sulphur : ' 

2  CjHjSH  +  S,  =  (CjH()^  +  SH^ 

In  order  to  prepare  it  a  mixture  of  2  parta  of  potassium  disul- 
phide, 3  parts  of  potassium  ethyl  sulphate,  and  5  parts  of  water 
are  distilled,  water  beii^  added  horn  time  to  time  so  long  as 
any  oily  drops  are  carried  over.  It  is  a  colourless  liquid  having 
a  strong  garlic-like  smell,  boiling  at  151°,  and  possessing  a 
vapour  density  of  4-270  (Cahours).  When  heated  with  dilute 
nitric  acid  it  forms  diethyl-distdpho-dioxide,  (Cfi^^O^,  a 
body  which  is  the  first  oxidation-product  of  mercaptan,  and  is  a 
colourless  oily  liquid  possessing  a  penetratiDg  smell  and  volati- 
lizing in  presence  of  aqueous  vapour.  Caustic  potash  decomposes 
it  into  ethyl  disulphide,  ethyl  sulphonic  acid,  and  ethyl  sulphinic 
acid  *  (pars.  254-5),  and  if  it  be  treated  with  zinc-dust  and  water 

'  jinn.  nana.  xi.  1. 

*  KeknU  and  LinuciiiuiD,  Ann.  Chcm.  Ptiorm.  ciziii,  278. 
■  H.  Mfiller,  Jourrt.  PraJct.  Chem.  [2],  iv.  SB. 

*  Faolr  and  Otto,  Ber.  J)tvt*A.  Chem.  Qe*.  xi.  2073. 
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the  zinc  compotrnd  of  mercaptan  and  ethyl  sulphinic  acid  are 
ohtained : 

^  cJhJsO,  }  S  +  2Z»  -  (0,H,S)^i.  +  (C,H.SO,)^ 

Ethyl  Thioaulphtmc  Add,  SOj  ■!  on  xr  .  is  not  known  in  the 

&ee  state,  but  salts  of  this  acid  are  known.  The  sodium  com- 
pound, SjOjNaCjHj,  18  ohtained  by  heating  ethyl  bromide  with 
an  B<jueous  solution  of  sodium  thiosulphate.  It  cryst&llizes  in 
thin  six-sided  tablets,  and  when  the  aqueous  solution  is  warmed 
with  hydrochloric  acid,  sodium  sulphate  and  mercaptan  are 
formed: 

so.  {  SC,H.  +  H,0  -  SO,  {  p  +  HS.C,H.. 

The  silver  and  mercury  salts  are  difficultly  soluble  precipitates,^ 
which  quickly  blacken.  If  the  sodium  salt  be  added  to  barium 
chloride  decomposition  takes  place  in  a  few  hours,  common  salt, 
barium  dithionate,  and  ethyl  disulphlde  being  fonned.' 

Eikyl  Triaulphide,  (C^H^^,,  was  obtained  by  Cahours*  in 
the  impure  state  by  distilling  potassium  txisulphide  with  potas- 
sium ethyl  sulphate.  It  is  also  formed  when  the  disulphide 
is  heated  with  sulphur  (M.  Miiller).  It  is  an  unpleasantly 
smelling  liquid  which  decomposes  on  heating,  but  may  be 
distilled  in  presence  of  water, 

£lkyl  Tetraaulphide,  (CjH^jS^.  is  obtained  by  the  action  of 
sulphur  chloride  on  mercaptan . 

2  C,Hi.SH  +  S,C1,  -  (C,Hj)A  +  2  HCl. 

It  is  a  heavy  colourless  oil  having  a  most  unpleasant  smell  and 
decomposing  on  heating  into  sulphur  and  the  disulphide. 

Ethyl  Pentasulphide,  (CjH^^S^  is  formed  when  the  foregoing 
compound  is  heated  with  sulphur  to  150°.  It  is  said  to  be  an 
elastic  mass,  but  it  has  not  been  obtained  in  the  pure  state.* 

Mkyl  Thiophosphite,  (CjHjS)^?,  is  obtained  by  the  action  of 
pho^horus  trichloride  on  mercaptan.  It  is  a  heavy  oily  liquid 
possessing  a  penetrating  and  unpleasant  smell,  and  on  heating 
splitting  up  into  phosphorus  and  ethyl  disulphide.' 

1  Bnnte,  Ber.  Deultch.  Chtm.  Oe$.  Til  848. 

•  lUmsay,  Joum.  CUm.  fiot.  xiviii.  687. 

•  Bvil.  Soe.  Chim.  [2],  xit.  184. 

•  OaeawD.  Bnll.  Soe.  CMm.  [21  xxt.  18BL  •  Ibid. 
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ethyl  Tttrathio^oi^uUe,  (C^^S)^,  is  formed  by  the  action 
of  phoBphoruB  pentasulphide  on  mercaptan ; 

6  HS.C^  +  PA  -  2  PS(SC,HOg  +  3  H^. 

It  U  an  0U7  liquid  havii^  a  very  disa^;reeable  small.  In  small 
quantities  it  may  be  distilled  undecunpoaed  at  200°.  Water 
decomposes  it  with  formatioa  of  sulphuretted  hydrogen,  mer- 
captan, and  ethyl  thiophosphoric  acid.  In  the  preparation  of 
this  thio-ether,  diethyltetrathiophosphoric  acid,  HCG^H^jFS^, 
is  formed,  a  body  which  ia  very  unstable  in  the  &ee  state, 
but  which  forms  a  aeries  of  cryatallizable  Baits.' 

Intermediate  between  these  thio-compouada  and  the  phosphoric 
ethers  seyeral  compounds  exist  containii^  both  oxygen  and 
sulphur.  These,  as  well  as  the  foregoing  compounds,  have  been 
investigated  by  Carina,  and  amoi^st  them  we  shall  here  only 
mention  the  normal  ethers. 

Sthi/l  Trithiophaa^iaie,  (C,Hs)3FS,0,  is  formed  by  heating 
mercaptan  with  phosphorus  pentoxide  : 

if  OH 
S  HS.C^,  +  P,0,  =  PO(SC.HJ.  +  PO^  SaH,  +  2IL0. 

This  compound  may  be  separated  from  phosphoric  acid  and  &om 
ethyl  dithiophosphoric  acid,  which  are  formed  at  the  same  time, 
by  means  of  water.  Ethyl  trithiopbosphate  is  an  oily  liquid, 
which  has  a  peculiar  alliaceous  amell,  and  decomposes  with 
violence  on  heating  to  150°,  ether,  ethyl  sulphide,  and  ethyl 
disulphide  being  evolved,  and  an  unpleasantly  smelling  mass 
containing  ph(»pboric  acid  remaining  behind.  Water  decomposes 
this  compound  with  formation  of  ethyl  thiopbosphoric  acid. 

Ethyl  DiiKiopho^hatt,  {C(HJ^S,0^  is  formed  by  the  action 
of  phosphorus  pentasulphide  on  alcohol : 

5  HO.C JI,  +  PA  =  PO-^  OCfX  +  PO  ^  OH     +  HjO  +  SB, 
(SCX  (SCjHj. 

Ethyl  dithiophosphorio  acid,  fcmned  at  the  same  time.  Is  also 
obtained  (as  has  been  stated)  when  mercaptan  is  broi^ht  ia 
contact  with  phoBphorus  pentozide.  It  might  have  been  ex~ 
pected  that  in  these  two  distinct  reactions  isomeric  compounds 
would  have  been  produced,  of  which  the  one  would  contain  the 
*  Culaa,  Aiw^.  Chtm.  Utarm.  oxiz.  SSB. 
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radical  phosphoryl,  PO,  and  the  other  the  radical  thiophos- 
phoryl,  PS ;  this,  however,  is  not  the  case,  either  in  this  or  other 
similar  reactions. 

Ethyl  dithiophosptiate  is  a  colourless  oily  liquid  possessii^  a 
Mat  garlic-like  smell.  When  tieated  or  placed  in  contact  with 
water  it  acts  like  the  foregoit^  compound.  When  heated  with 
sulphuric  acid  ethyl peTUatkiophosphaU,  (CjHsS),PO.S.POCSCjHJ, 
is  formed.  This  compound  yields  large  monoclinic  crystals 
having  a  fatty  lustre  melts  at  71°'2,  and  possesses  on  wanning 
an  unpleasant  smell. 

Ethyl  Monothiophotphate,  (CjH()gPSO,,  is  obtained  by  heating 
tbiophosphoryl  chloride  with  absolute  alcohol.  It  is  a  colourless 
not  unpleasantly-smelting  oil,  which  can  be  distilled  without 
alteration  in  a  current  of  carbon  dioxide.  This  same  compound 
was  obtained  by  Chevrier  *  by  acting  on  phoBphorus  thiocbloride 
by  sodium  etbylate.  It  also  has  an  unpleasant  smell  like  decom- 
posing turnips.  On  bailing  this  with  water,  ethyl  monothio- 
pbosphoric  acid,  H(CjH()gPSOj,  is  formed,  and  this  body  may 
be  obtained  in  the  same  way  with  evolution  of  sulphuretted 
hydrogen  from  dithiophosphoric  acid.  If  a  salt  of  ethyl  mono- 
thiophosphoric  acid  be  warmed  with  phosphorus  oxychloride, 
an    oily,    slightly    smelling    liquid,   ethyl    dilhiopyn^^io^ahaie 

Ethyl  ThioaTunite,  (C^H^S)^,  is  formed  by  the  action  of 
sodium  mercaptide  on  arsenic  trichloride  diluted  with  ether. 
It  is  a  heavy,  oily,  very  unpleasantly  smelling  liquid,  which  on 
heating  decomposes  into  arsenic  and  ethyl  sulphide.* 

Ethyl  TrUhiocarbonaie,  (CjH5S)jCS.  This  compound  was 
discovered  by  Schweizer  *  in  1844,  and  obtained  by  acting  upon 
ethyl  chloride  with  potassium  thiocarboaate.  It  was  more  care- 
fully investigated  by  Debus.*  According  to  Husemann,^  it  is 
best  prepared  by  shaking  up  sodium  thiocarbonate  with  two  to 
three  times  its  weight  of  alcohol,  and  rather  less  than  the 
equivalent  quantity  of  ethyl  iodide.  A  reaction  then  occurs 
with  considerable  evolution  of  heat.  In  place  of  the  iodide, 
bromide  of  ethyl  may  also  be  employed.' 

»  Byil.  Soc.  Cliim.  \2].  xil.  871 

■  ClaesBon,  BkIL  Soe.  CAim.  [2],  zxr.  18B. 
'  Joum,  Praia.  Chan,  xixii.  G4. 

•  Atm.  Chan.  Pharm.  Ixit,  1*7, 

*  jlun.   Chem.  Fharm.  cxxiii.  AS 

■  StOoman,  Jmim.  PraJd.  Chaii.  {2\  tL  489. 
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Sulphocarbonate  of  ethyl,  aa  this  compoand  was  formerly 
called,  is  a  yellow  liquid  possessing  an  alliaceous  smell  and  a 
pleasant  sweetish  taste,  resembling  anise.  It  is  scarcely  soluble 
in  water,  and  boils  at  240°.  Ammonia  decomposes  it  with 
formation  of  ethyl  mercaptan  and  ammonium  thiocyanate. 

Ethyl  OrthoUtraihiocarbonaie,  C(SC,H^)^  is  formed  by  the 
action  of  sodium  mercaptide,  CjH^SNa  (pi^  379),  on  tetra- 
chlormethane,  CCl^.  It  is  a  ligbt-yellow,  peculiarly  smelling 
oil,  which  decomposes  on  heating.^ 

Bitermediate  between  these  ethers  and  the  ethyl  carbonates  a 
series  of  compounds  exist,  which  may  be  divided  into  two  classes 
according  as  they  conttun  the  radiral  carboxyl,  CO,  oi  thiocar 
bonyl,  CS.« 

Ianthic  Acid,  or  ETHTL-OxTDnaioCAKBOMic  Acid, 


OOjH, 


950  The  potassium  salt  of  this  acid  is  eaaly  obtained  by  the 
action  of  carbon  disulphide  on  an  alcoholic  solution  of  potash.^ 
In  order  to  prepare  this  salt  a  solution  of  caustic  potash  in 
absolute  alcohol  is  mixed  with  an  excess  of  carbon  disnlpbkle, 
and  the  crystaUine  mass  which  is  soon  deposited  brought  on  to 
a  filter,  quickly  washed  with  ether,  and  dried  over  sulj^uric  acid.* 

I\)ta^um  Xavlhate,  K(CjH()CS,0,  forms  colourless  eilby 
needles,  which  become  yellow  on  exposure  to  moist  air.  It 
possesses  a  peculiar  &int  smell  and  a  strongly  sulphurous  taste. 
It  is  easily  soluble  in  wat«r,  more  diffictdtly  in  alcohol,  and 
colours  the  skin  yellow.  When  heated  with  water  this  compound 
decomposes  in  the  following  way : 

2  K(C^b)CS,0  +  2  H,0  -  KjCSj  -i-  2  HO.C^j  +  H,S  +  CO, 

The  potassium  salt  when  treated  at  0*  with  dilute  sulphuric 
or  hydrochloric  acid  yields  zanthic  acid  as  a  heavy,  colourless 
oil,  which  must  be  quickly  washed  with  water  -and  dried  over 
chloride  of  calcium,  and  then  may  be  kept  in  a  cold  place  with- 
out decomposition.  It  has  a  peuetxating  smell  somewhat  re- 
sembling sulphur  dioxide,  and  a  sharp  penetrating  astringent 
taste.     On  wanning  it  decomposes  into  carbon  disulphide  and 

>  CUMwm,  Jfiunt.  Praia.  Chan.  [2],  xv.  193. 
■  Salomon,  ti.  [S],  Ti,  13S. 

*  ZeiM,  SehiBeig.  Joam.  zziri.  1 :  iliii.  180 ;  Pegg.  Ann,  zzx7.  487. 

•  Buea,  Akk.  (7A«m.  I^uarni,  li.  3iB. 
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alcohol ;  this  decompositioa  begins  at  24*,  the  liquid  becoming 
turbi(f,  and  at  last  beginning  to  boil  with  evolution  of  disulphide 
of  carbon.  Xantbic  acid  decomposes  the  carbonates  and  forms 
a  series  of  salts,  some  of  which  possess  a  very  chatacterisUc 
colour,  such,  for  instance,  as  the  fine  yellow  and  very  stable 
cuprous  salt,  (CjHsCOS^jCu,.  from  which,  indeed,  the  name 
of  the  acid  is  derived  (fav^o?.  yellow).  This  is  obtained  by 
precipitating  the  potassium  salt,  best  in  alcoholic  solution,  by 
means  of  cupric  chloride,  when  a  blackish-brown  precipitate 
£allB,  consisting  probably  of  the  cupric  salt,  and  this  soon  changes 
into  fine  yellow  flocks  and  other  products. 

Amongst  other  salts  the  following  may  be  described : 

Ammonium  ^arUAaie,  C,Hj(NHJCOS^  can  he  obtained  by 
double  decomposition  with  other  salts,  or  by  saturating  the 
free  acid  with  ammonia.  The  solution  yields,  on  evapora- 
tion in  a  vacuum,  glistening  crystals,  resembling  those  of  urea, 
which  easily  decompose  and  volatilize  in  a  current  of  steam 
(Debus). 

Zead  ^anthate,  (CgHj.COSj)gPb,  ia  a  crystalline  precipitate 
insoluble  in  cold  water. 

Ferric  XaaOuUe,  (CsHj.COSjJjFev  is  obtained  by  boiling 
ferric  chloride  with  a  potSAsium  salt  and  carbon  disul|^de.  It 
forma  large  r^ular  glistening  black  monoclinic  crystals,  of  which 
the  smallest  quantity  imparts  to  carbon  disulphide  a  very  deep 
colour. 

The  chromic  aalt  which  can  be  prepared  in  a  similar  way 
&om  the  violet  chromic  chloride,  forms  dark-blue  glistening 
crystals  which  dissolve  in  carbon  disulphide,  imparting  to  the 
liquid  a  violet-blue  colour. 

Arsenic  Xanthaie,  (CjHjCOSt)gAs,  is  formed  by  the  action  of 
arsenic  trichloride  on  the  potassium  salt  It  forms  large  thick 
monoclinic  tables  without  colour  and  odour,  which  melt  easily, 
and  on  cooling  yield  a  crystalline  mass. 

The  antimony  salt  may  be  j^epored  in  a  ^milar  way.  It  ia 
deposited  in  large  glistening,  bright-yellow  crystals,  whilst  the 
bismuth  salt  crystallizes  in  bright  golden-yellow  tables.' 

Ethyl  XaiUhate,  or  Ethyl  dcysulphocarbonaie,  CS4opl™''ia 

obtained  1:^  the  action  of  ethyl  chloride,   or  better  of  ethyl 

bromide,  on  the  potassium  salt.   It  is  acolourless  liquid  boiling  at 

200°,  and  possesses  a  strcng  unpleasant  smell  and  a  sweetish  taste. 

>  HUtiweti,  ^nn.  CAtm.  PAorm.  cuiL  S7. 
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By  the  action  of  ammonia  it  ia  transfurmed  into  xanihavude  or  dhyl 
monothioeariamide,  CS  -J  f^p  Vr  ,  a  body  ciystAllizing  in  modified 

monoclinic  pyramids,  which  melt  at  36°,  and  are  easily  soluble 
in  alcohol,  hut  dissolve  with  greater  difficulty  in  water,  and  on 
beating  are  converted  into  mercaptau  and  hydrocyanic  acid.  By 
the  action  of  nitrogen  trioxide  in  presence  of  water  this  body  is 
converted  into  the  compound  (Cja JjC,N,0^,  to  which  Debua 
has  given  the  name  of  aay-aul^piioeyanic-tikyi-coade^  It  crystal- 
lizes in  thin  white  prissis,  which  melt  at  100°,  and  on  boilii^ 
with  baryta-water  fonq  barium  carbonate,  ammonia,  sulphor, 
and  alcohol. 

XaiUhic  IHrndphide,  CjO^^(C,Hb)i.  This  compound  was  dis- 
covered by  Desaina  *  and  examined  by  Debus,*  who  termed  it 
ethyl  biozysulphocarbonate.  It  is  formed  by  the  action  of 
chlorine  or  iodine  on  the  xaotbates  according  to  the  following 
equation: * 

00,H,  OC,Hj 


^K 

\' 

SK      '      '■ 

-       k      ^ 

<£ 

^ 

Vh. 

W.- 

Xanthic  disulphide  is  insoluble  in  water,  crystalliaug  from 
alcohol  in  glistening  white  prisms,  which  do  not  smell  an- 
pleasantiy,  possess  a  biting  taste,  and  melt  at  28°.  When  heated 
to  210*  they  decompose  into  sulphur,  carbon  monoxide,  carbon 
disulphide,  ethyl  xanthate,  and  the  following  compound. 

£tkyl  IXox^hiocarionaie,  CS(OCjHj)^  is  a  pleasantly  smelling, 
strongly  re&actii^  liquid,  boiling  at  160°,  and  converted  hy 
ammooia  into  alcohol  and  ammonium  thiocyanate : 

CS  i  ^^^  +  2  NH,  -  2  HOC^B  +  NCS(NHJ. 

ajl  Ethyl  Monothioearbonie  Acid,  CO(OC^)SH.  This  com- 
pound is  not  known  in  the  free  state,  but  its  potassium  salt  is 

I  jlntt.  Ottm.  Fkamt,  IxxxiL  27S ;  Clitm.  Soe.  Jmir*.  ilL  84. 

•  Jb.  Iiir.  S26.  *  lb.  Ixiii  1 ;  kxr.  121  j  IzziiL  SS6. 

*  Kcknli  uhI  liniumanii,  Attn,  Chtin,  Pharm.  czziiL  S78. 
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formed  hy  the  action  of  alcoholic  potash  on  ethjl  xanthate 
(Debus),  when  the  following  peculiar  action  occurs : 

CS I  ^^  +  2  KOH  =  CO  I  g£^«  +  HO.CjH,  +  KSH. 

It  is  soluble  in  water  and  alcohol,  and  appears  to  be  isomorphous 
with  potaBsinm  xanthate.  Acids  decompose  it  into  alcohol,  car- 
bon dioxide,  and  sulphuretted  hydrog^i,  and  when  its  solution 
is  boiled,  alcohol,  carbonyl  sulphide,  potassium  sulphide,  and 
potassium  cu'bonate  are  formed.^ 

When  a  solution  of  lead  acetate  is  added  to  its  solution,  a  white 
precipitate  of  lead  ethyl  monothiocarbonate,  {COyC,H,)^Pb, 
is  formed,  and  this  crystallizes  from  hot  alcohol  in  needles. 
Iodine  acts  upon  these  salts  as  it  does  on  the  xanthates 
with  the  fbnnation  of  the  ethyl  ether  of  dithiocarbonic  acid  or 

diethylcarboxydindphide,  I  g'no'nr^H'  '^^*^  ^  *  colourless, 
strongly  refracting  oil,  heavier  than  water.' 

The  monosulphide,  S(COyCjHJ,,  corresponding  to  the  former 
compound,  was  obtimied  by  Victor  Meyer  by  acting  on  ethyl 
chlorooarbonate  with  sodium  sulphide.  It  was  termed  by  him 
ethyl  dicarbothionate.  It  is  a  colourless  liquid,  boiling  about 
180°,  and  possessing  a  peculiar,  but  &int  smell.^ 

Bthyl  Thicaeycaiionaie,  CO(OC,H,)SCjHj,  is  obtained  by 
acting  with  ethyl  bromide  or  potassium  ethyl  monothiocarbo- 
nate, and  also  when  sodium  mercaptide  is  treated  with  ethyl 
chlorcarbonate : 

CO  {  gf  »^»  +  NaSC,H,  =  CO  {  ^g«g»  +  NaCl. 

It  is  a  colourless,  strongly  ra&acting  liquid,  boiling  at  156°.  It 
possesses  a  smell  lite  that  of  decaying  fruit,  and  has  an  aromatie 
taste.  Cold  ammonia  decomposes  this  compound,  which  ia 
isomeric  with  ethyl  dioxythiocarbonato  into  merc^taa  and 
urethane : 

•30  {  ?C^'  +  "^  -  CO  {  ^'  +  HS.Cfl, 

On  heating  with  water  to  100°,  alcohol,  carbon  dioxide,  and 
mercaptan  are  formed,* 

.  *■  Bender,  Ann,  Cltem.  FluiTm,  czlriil.  137. 
»  DubiU,  Ann.  Cktin.  FMarnt. 

*  Ber.  DtuUtA.  Chem.  Of.  '\\.  397. 

*  StloliMn,  Jovn.  Pralct.  COmi.  {i\  ri  483. 
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JSthifl  IHthiacs/carbonaU,  CX)(SO,Hg)y  This  compound,  iao- 
meric  vith  ethyl  zanthate,  was  digcoveced  by  Schmitt  and  Qliitz,^ 
and  obtained  by  the  action  of  mlphnric  *cid  on  ethyl  thio- 
cyanate,  and  termed  by  the  discoverers  carbonyl  disulphodiethyl. 
It  ia  also  formed  by  the  action  of  sodium  merca^tide  on 
carbonyl  chloride :  * 

CO{g  +  2NaS.C^,  =  CO||^^»  +  2NaCl.  ■ 

In  this  reaction  the  chloride,  COCl(SCjHg),  a  liquid  boiling 
at  136*,  is  first  formed.  Ethyl  dithioxycarbonate  is  a  strongly 
refracting  liquid  possessing  a  garlic-like  smell,  and  boiling  at 
196°.  Ammonia  decomposes  this  ether  into  mercaptan  and  urea. 
aja  The  following  table  exhibits  the  compoution  of  the  thio- 
carbonates  compared  with  ethyl  oaibonate : 
EU17I  C^ibonste.  B.P. 

CO  {  00*1;  126- 

Zthyl  Thii^ewbontte.     B.P.  Ethyl  DiozythiocarboDate.    B.P. 

C0{tc,§        1^«'  Os{Og|.        16? 

Kh,im«.,^iK,>.u.  B.P.  rnKSttSbiu.  »•'■• 

00  {ig^:  >96-  CS{S^^  200- 

Ethyl  Tritbiocafboiute.    B.P. 

Some  similar  compounds  of  the  methyl  series  are  also  known, 
as  well  as  others  which  contain  both  methyl  and  ^yl* 

NH, 

353  Sthyl  !I%ioea7i(anat«,  GS  ,  is  formed  by  the  action 

of  zanthic  ether  on  ammonia : 

O.C^,  NH, 

CS  +  KH,  =  (^  +  C^s.HS. 

*  Ber.  Dtsttck.  CA«m.  Oe».  i,  ISS. 

■  Salomon,  Jmim.  Fruit.  Chan,  (£3,  Tii.  SSL 

■  "'—ia  lud  Uanit^  Journ.  JVaU.  Clmn.  [2],  nii.  Hi, 
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It  is  a  oryBtalline  compouod,  and  combines  with  manj  Balte 
of  the  heavy  metals.  On  warming  it  splits  np  into  mercaptan 
and  cyanic  add,  and,  on  boiling  with  alkalis,  into  alcohol  and 
thiocyanates. 

ethyl  Thioaliophanate,  CtHgN^O.CiH^is  fonned  hy  the  action 
of  hydrochloric  acid  on  a  hot  concentrated  alcoholic  solution  of 
potaasiam  thiocyuiate,  thus : 

2CNSK  +  2Ha  +  CHj.OH  =  CO.SC^sCNH)CS.NH^ 

Kthjl  ThiniUopluuute. 

Becrystallized  from  hot  water  and  ether,  this  compound  forms 
white  needle-shaped  crystals,  which  are  odourless,  possess  a 
bitter  taste,  and  melt  with  decomposition  between  170°  and 
175°.i 

By  the  action  of  ammonia,  in  the  cold,  on  ethyl  thioalio- 
phanate the  following  decomposition  takes  place,  furnishing  the 
clue  to  the  consUtution  of  this  ether : 


HS.C,H, 


Ethtl  Sulphonic  Acid,  (OaHj)SO,H. 

354  This  was  discovered  by  Lowig  and  Weidmann*  in  1839, 
and  prepared  by  the  oxidation  of  ethyl  mercaptan  with  nitric 
acid.  It  was  afterwards  more  fully  investigated  by  H.  Kopp.* 
It  is  also  formed  by  the  oxidation  of  ethyl  disulphide,  as  well  as 
of  the  higher  sulphides  of  ethyl,  and  also  of  ethyl  thiocyanate.* 

In  order  to  prepare  it,  liver  of  sulphur,  obtained  by  fusing 
potashes  with  sulphur,  is  distilled  with  solution  of  potassium 
ethyl  sulphate,  and  the  impure  disulphide  thus  obtained  oxi- 
dized with  an  equal  volume  of  nitric  acid.^  This  reaction  is 
best  carried  out  in  a  retort  of  which  the  neck  is  placed  in  an 
upward  podtion  and  connected  with  the  lower  {nrt  of  an  in- 
verted condenser.    The  reaction  is,  to  begin  with,  extremely 

>  Blankinhom,  Jtmrn.  PralL  Chan.  [S],  iri,  8SS. 

>  I^.  ^nn.  ilnL  ISS ;  xlii.  820  ;  Lowio,  An*.  Ckm.  Fftann.  Ixrr.  349. 

*  Aim.  Cktm.  Pkarm.  zzxv.  318.  *  UoBptfttt,  Cham.  Soe,  Jmtrn.  i.  IS.    ■ 

*  H.  MttUer,  /Mm.  PtM.  CAmk.  [2],  it.  W. 
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violent,  but  afterwards  it  must  be  aided  by  warmth,  and  lastly, 
the  mass  must  be  gently  boiled  until  it  is  all  dissolred.  The 
product  is  heated  on  a  water-bath,  to  drive  off  nitric  acid,  until 
it  possesses  a  syrupy  consistency.  The  reddue  is  dissolved  in 
water,  and  neutralized  with  lead  carbonate  in  order  to  separate 
the  excess  of  sulphuric  acid  formed.  The  amount  of  this,  how- 
ever, if  the  sulphuric  acid  be  not  too  strong,  is  not  large.  The 
filtered  solution  is  then  evaporated,  and  the  ethyl  sulphonic 
acid  is  thus  obtained  as  an  oily  liquid  of  specific  gravity  1-3, 
and  crystallizing  in  the  cold.  It  rapidly  absorbs  water  from  the 
ail,  is  odourless,  has  a  strong  acid  taste,  and  on  heating  to  a 
bigh  temperature  decomposes  with  evolution  of  vapours  of 
sulphuric  acid  and  snlphur  dioxide. 

Sthyl  Sviphonic  Chloride,  CjHjSO,Cl,  was  discovered  by 
Gerhardt  and  Chancel,'  and  is  formed  by  the  action  of 
phosphorus  oxychloride  or  phosphorus  pentachloride  on  ethyl 
fiulphonate : 

2SO,-[3^^+  2PC1,  =  2SO,}gj^»+2Naa-|-2POCV 

It  is  a  colourless  liquid,  Bmelling  like  mustard-oil,  boiling  at 
177''5,*  and  having  a  specific  gravity  of  1*357  at  22'-5.  It 
fumes  slightly  in  the  lur,  and  is  slowly  decomposed  by  water 
with  formation  of  ethyl  sulphonic  acid  and  hydrochloric  acid. 
Nascent  hydrogen  converts  it  into  mercaptan.*  When  heated 
with  phosphorus  pentachloride  to  120°,  phosphorus  oxychloride, 
ethyl  chloride,  and  thionyl  chloride  are  formed  : 

sOi  f  ^'  +  pa,  -  poci,  +  CjHjCi  +  sociy 

When  kept  for  any  length  of  time  it  decomposes  into  sulphur 
dioxide  and  ethyl  chlimde.* 

Ethyl  sulphonic  acid  forms  a  aeries  of  stable  salts,  obtained 
by  neutralizmg  the  free  add  with  an  oxide,  as  well  as  by  other 
methods. 

Potamum  Sthyl  Sulphonaie,  C^,SO,K  -|-  H,0,  crystallizes 
in  hygroscopic  tablets,  which  lose  water  on  heating,  melt  at 
120',  and  on  cooling  yield  the  anhydrous  salt  in  the  form  of  a 
crystalline  mass.     If  it  be   more  strongly  heated  it  becomes 

■  CoipL  Stud.  zxxT.  tec.  *  CuioB,  Jmm.  FmkL  Chmn.  [2],  U.  S08. 

•  Tost,  .^mi.  Chem.  Fharm.  cif-   ""    ""-' -■■   ^'   '" 

*  Curaiv  ^"">  ^«m-  Fharm.  a 
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l»own,  eTolrea  nnpleasanUy  amelliug  vapours,  and  iesvos  a 
residue  of  potassium  Bulphide. 

Sodium  EOiyl  Svlphmate,  C,HgSO,Na,  reaemblea  the  potas- 
sium salt,  and  is  very  deliquescent.  It  ctmtains  water  of 
cryBtaUisatioQ  wbich  it  loses  at  100°,  and  when  a  concentrated 
aotutioQ  of  sodium  sulphite  ia  heated  with  ethyl  iodide  to  from 
130°  to  150°,  the  double  salt  iC^sSOgNa  +  Nal  is  formed. 
This  crystallizes  from  alcohol  in  silky  needles.^ 

Ammonium  Ethyl  SidphoruUe,  OjHjSO,NH^  is  a  ciystalliDe 
deliquescent  mass,  ohtained  by  boiling  ethyl  iodide  with  a 
■olutioa  of  ammonium  sulphite.  This  reaction  ia  well  suited 
for  the  preparation  of  ethyl  aulphonic  acid.  The  product  of  this 
reaction  ia  boiled  with  lead  oxide  as  long  as  ammonia  is  flToIved, 
and  the  sotution  filtered  and  decomposed  with  sulphuretted 
hydr(^n.' 

Barium.  Ethyl  Sulj^umaU,  (0,H,SOj);Ba  +  H,0,  crystallizes 
in  oblique  rhombic  tables  which  effloresce  readily,  and  have  an 
unpleasant  taste. 

Lead  Ethyl  Stdphonate,  (CtH,S0,)2Pb+H,0,  is  soluble  in 
water  and  alcohol,  crystallizing  from  hot  aqueous  solution  in 
tablets. 

Silver  Ethyl  Sulphonate,  C^,SO^,  ciyAallizes  from  hot 
water  in  scales.  It  ia  also  soluble  in  alcohol,  melts  when 
wanned,  and  may  be  heated  to  a  toleiably  high  temperature 
witliout  undergoing  change- 
Besides  these,  various  other  ethyl  sulphonatea  have  been 
prepared. 

Methyl-Ethyl  Sulpiumate,  C,H^O,CH,,  ia  obtuned  by  acting 
on  ethyl  sulphonic  chloride  with  sodium  methylata  It  is  a 
colourless,  slightly  smelling  liquid  boiling  between  197''5  to 
200°-5. 

Diethyl  SulphtmUe,  or  Ethgl  &d]^ionie  Ethyl  Ether, 
G|H(SO,.C^g,  is  prepared,  in  an  analogous  way  to  the  fore- 
going compound,  and  has  a  smell  not  unlike  its  isomeride,  ethyl 
sulphite.'  It  is  also  formed  when  ethyl  iodide  is  allowed  to 
act  on  silver  sulphite.*     It  boils  at  213'. 

255  -^''^  Sid^vnie  Acid,  C^H^SO^  By  the  action  of  sul- 
I^ur  dioxide  on  unc  ethyl  Hobson  ^  ohtained  the  zinc  c<nnpound 
of  an  acid  to  which  he  gave  the  name  of  ethyl  trithionic  acid. 


*  Snrtefanr,  Ar.  DtiOtA.  OAan.  On.  vL  1117.        *  Onm.  Soo.  J»vrH.  z.  58, 
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and,  according  to  hia  analyses,  it  possessed  the  formula,  C^HfSfif, 
Neither  Wischin*  nor  Zuckschwerdt  *  could  obtain  this  com- 
pound, but  when  the  experimental  conditions  were  somewhat 
altered,  snne  etlufl  mdphinate,  (CjHjSOJjZn,  was  obtained. 

This  is  difficultly  soluble  in  water,  and  may  be  obtained  in 
soft  pearly  scales  from  alcoholic  solution.  The  same  salt  is  also 
formed  when  ethyl  sulphonic  chloride  is  brought  in  contact  with 
siQC-dust  and  water.*  By  decomposing  with  baryta-water 
barium  ethyl  sulphinate,  {G^^O^fisk,  may  be  obtained.  This 
is  easily  soluble  in  water,  and  on  evaporation  in  a  vacuum  is 
deposited  in  crystals.  Besides  these,  other  crystalline  com- 
pounds have  been  prepared.  When  a  solution  of  the  barium 
salt  is  treated  with  sulphuric  acid  ethyl  svlpkinic  acid  is  obtained. 
This  has  a  pleasant  sweet  taste,  and  remains,  on  evaporation 
in  a  vacuum,  as  a  syrupy  liquid.  If  the  add  or  the  zino  salt 
be  oxidized  with  nitric  acid  a  ciystalline  compound  is  obtained, 
together  with  ethyl  sulphonic  acid,  and  this  crystalUzes  from 
hot  alcohol  in  laige  glistening  tablets  melting  at  61''5  and  wtudi 
when  carefully  heated  may  be  sublimed  without  decomposition. 
This  body  possesses  the  formula  CgH„S,0,N,  and  when  boiled 
with  alkalis,  or  heated  with  hydrochloric  acid,  it  is  converted 
into  ethyl  sulphonic  acid  and  ammonia,  some  sulphuric  acid 
being  always  formed.  Hence  this  body  is  triethyl  sulphonie 
uUrie  ocoide,  (CjHjSOj),NO,  which  probably  decomposes  in 
contact  with  water  into  sulphonic  acid  and  hydrosylamine, 
N0£^  and  this  latter  compound  acts  as  an  oxidiziiig  agent  and 
ammonia  is  reduced. 


COMPOUNDS  OP  ETHYL  AND  SELENIUM. 

256  £lhyl  ffydroselenide,  C,HjSeH,  was  discovered  by 
Siemens,*  who  prepared  it  by  distilling  a  solution  of  potasdum 
hydroselenide  with  potassium  ethyl  sulphate.  It  is  a  colourless 
liquid  boiling  below  100°,  and  possessing  a  most  unpleasant 
smell  resembling  that  of  cacodyl,  which  is  doubtless  caused  by 
the  presence  of  a  small  quantity  of  ethyl  diselenide.  It  forms 
with  mercuric  oxide  a  yellow  amorphous  eeleniom  mercaptide. 
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Ethyl  Sdenide,  (CjHj)gSe,  wm  first  prepared  by  Lawig^  in 
183Q  by  distillicg  etliyl  oxalate  with  potassium  selenide,  and 
afterwards  more  accurately  examined  by  Joy '  who  obtaiDed  it 
by  distilling  potassium  ethyl  sulphate  with  potassium  selenide. 
He  was,  however,  unable  to  complete  his  experiments  owing 
to  the  intolerable  odour  which  the  body  possesses.  This,  as  was 
afterwards  shown  by  Bathke,*  is  due  to  the  presence  of  a  small 
quantity  of  ethyl  dtselenide.  In  order  to  prepare  the  mono- 
selenide,  the  best  plan,  according  to  this  latter  chemist,  is  to 
take  a  pure  solution  of  caustic  potash  and  distil  it  with 
potassium  ethyl  sulphate,  to  which  a  small  quantity  of  selenium 
phosphate  is  added,  which,  however,  must  contain  no  &ee 
selenium.  la  this  way  potassium  phosphate  and  potassium 
selenide  are  formed,  and  on  distillation  a  mixture  of  mono- 
selenide  and  diselenide  is  formed,  the  latter  being  formed  by 
the  action  of  oxygen  on  the  former  compound.  They  may 
be  then  separated  by  fractional  distillation.  It  is,  however, 
simpler  to  treat  the  distillate  again  with  half  the  quantities 
of  potassium  ethyl  sulphate,  caustic  potash,  and  water,  which 
were  originally  employed,  and  >to  add  to  this  a  small  piece 
of  ordinary  sulphur.  On  distillation  for  several  hours  with 
a  reversed  condenser  this  compound  is  obtained  in  the  pure 
state.* 

Ethyl  selenide  is  a  colourless,  easily  mobile,  strongly  re- 
fracting liquid,  boiling  at  IOS°,  and  having  a  peculiar  but 
not  unpleasant  smelL  It  dissolves  easily  in  dilute  nitric  add 
with  formation  of  the  nitrate  (C,Hs)^(OH)NO^  which  is 
decomposed  on  concentration.  Hydrochloric  acid  preciptates 
ethyl  selenium  dichloride,  (CjH{)jSeClf,  as  a  yellowish  oil, 
slightly  soluble  in  water,  but  rather  more  soluble  in  hydro- 
chloric acid.  Aqueous  ammonia  converts  it  into  ethyl  selenium 
oxycbloride,  {Cfi^^fiG\^  which  crystallizes  from  alcohol  in 
glistening  colourless  cubes,  and  is  converted,  in  presence  of 
hydrochloric  acid,  into  the  original  compound.  Hydrobromic 
acid  precipitates  ethyl  selenium*  bromide,  (CjH,),SeBry  from 
solutions  of  the  nitrate,  in  the  form  of  a  light  yellow  coloured 
soluble  oil ;  the  iodide  prepared  in  a  similar  way  is  a  yellow 
lustrous  liquid  somewhat  resembling  bromine. 

'  Fogg.  Aim.  zxitu.  162, 

*  Ami.  Chaa.  I^tarm.  lizxfi.  S5, 

*  Jnn.  Cttem.  Pharm.  cliL  310. 

*  riererliug,  Lia.  Aiui.  eluzr.  S31  j  Btr.  LtvXkh.  Chtttt.  Om.  ix.  14W. 
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TrUthyl  Sdertiodide,  (C^s),SeI,  is  formeil  by  the  combination 
of  the  foregoing  compound  wi^  ethyl  iodide.'  It  forms  glistening 
white  crystalline  needles  closely  resembling  Epsom  salts,  and  very 
soluble  in  water.  They  decompose,  on  heating,  into  their  conati- 
tnents  which  on  cooling  gradually  again  unite  with  one  another. 
Hoist  ulver  oxide  acta  on  the  solution  of  this  body  as  it  does 
on  the  corresponding  sulpblne  iodides.  The  hydroxide  thus 
formed  is  left  on  evaporation  in  a  vacuum  as  a  syrupy  liquid, 
which  IB  as  alkaline  and  caustic  as  potasL  Its  salts  are,  most 
of  them,  deliquescent,  possessing  an  alliaceous  smell,  and  having 
a  bitter  and  bumiug  taste.  The  platinichloride,  (CiHg)gSejPtClg, 
crystallizes  on  evaporating  the  hot  saturated  solution  in  glistening 
red  acute  rhombohedrons  with  basic  terminal  faces  (Fieverling). 

Ethyl  Diieltnide,  (C,Hg)jSey  which  is  fonned  as  a  by-product 
in  the  preparation  of  the  above-mentioned  selenium  compounds, 
was  first  obtained  by  Wohler  and  Dean,'  mixed  with  some 
monoselenide,  by  heating  potassium  selenide  (obtained  by 
heating  potassium  seleuite  and  carbon  together)  with  potassium 
ethyl  sulphate.  Bathke  has  however  shown  that  when  a  seleuite 
is  heated  with  carbon,  polyselenides  are  formed,  scarcely  any 
monoselenide  being  produced,  the  reaction  beginning  before  the 
moisture  in  the  carbon  is  driven  off  and  this  then  acting  as  an 
oxidizing  agent 

Ethyl  diselenide  is  a  heavy  brownish-red  oil,  boiling  at  180^ 
and  having  a  Mghtfal  smell,  and  acting  as  a  poison  (Fieverling). 
When  it  is  dissolved  in  nitric  acid,  and  hydrochloric  acid  is 
added,  the  compound  CjHjSeSOjH + HCl  is  formed,  crystallizing 
in  fine  monoclinic  prisms  (Bathke). 

COMPOUNDS  OP  ETHYL  AND  TELLURIUM. 

357  Xthyl  TeUuride,  (C,H^,Te,  was  first  obtained  in  1840  by 
Wohler'  by  distilling  potassium  telluride  with  barium  ethyl 
sulphate.  It  was  then  prepared  by  Mallet,*  and  afterwards  more 
exactly  investigated  by  Wohler.'  In  order  to  prepare  it,  one 
part  of  tellurium  is  treated  with  10  parts  of  ignited  cream  of 
tartar  in  a  porcelain  retort  to  the  neck  of  which  a  bent  glass 
tube  is  attached.  When  no  further  evolution  of  carbon  dioxide 
takes  place,  the  glass  tube  is  placed  in  a  laige  Bask  filled  with 

*  CahoDTi,  Campta  Smdui,  Ii.  SSO.        *  ^nn.  Chtm.  Fharm.  xcrii,  1. 
■  Ami.  Clumi.  Fharai.  ii»t.  111.  *  Clian.  Soe,  Joum.  y.  71. 

'  Ann,  Chtm.  Pharm.  IxuiT.  <9. 
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ourbon  dioxide,  is  order  to  prevent  the  entrance  of  air  into  the 
apparatus,  and  then,  after  the  vessel  has  cooled,  the  requisite 
qnantitf  of  concentratod  solution  of  potassium  ethyl  sulphate 
dissolved  In  water  free  from  air  is  added,  and  the  whtde  waimed, 
the  coatents  of  the  retort  being  Inronght  into  a  flask  filled  vith 
rarbon  dioxide  and  the  whole  diatilled  in  a  current  of  this  gas. 
These  precautions  ore  necessary  Id  order  to  prevent  the  oxida- 
tion of  the  potassium  telluride,  but  in  spite  of  this  a  quantity 
of  ethyl  ditelluride  is  usually  formed,  and  this  comes  over 
towards  the  end  of  the  distillation. 

Ethyl  telluride  is  a  thick  red  liquid  boiling  at  98°,^  and 
yielding  a  deep  yellow-ooluured  vapour.  It  is  heavier  than 
water,  possesses  a  strong,  very  unpleasant  smell,  reminding 
oue  at  the  same  time  of  ethyl  selenide  and  telluretted 
hydrogen.  Its  vapour  attacks  the  lungs  and  aj^pears  to  be 
poisonous.  During  the  whole  time  that  Wohler  was  occupied 
in  this  investigation  his  breath  was  tainted  with  the  un- 
pleasant smell  of  this  compound.  When  a  araall  dose  of 
potassium  telluride,  namely,  from  0*04  to  005  gram,  is  taken, 
the  breath  after  a  few  minutes  becomes  for  a  length  of  time 
tainted  with  this  unpleasant  odour.'  Ethyl  telluride  is  easly 
inflammable,  and  bums  with  a  bright  blue  flame  evolving  clouds 
of  tellurium  dioxide.  Exposed  to  the  air  it  soon  becomes 
covered  with  a  white  crust,  and  the  whole  mass  gradually 
changes  to  a  white  earthy  solid.  This  oxidation  occurs  so 
quickly  in  sunlight  that  ^e  liquid  begins  to  fume,  without 
however  taking  fire. 

£lhyl  TellwHum  Oxide,  (C^j),TeO,  has  not  yet  been  obtained 
in  the  pure  state.  Its  solution,  prepared  by  treating  the  chloride 
or  oxychloride  with  silver  oxide,  turns  turmeric  paper  brown,  and 
absorbs  carbon  dioxide  &om  the  air.  On  evaporation,  decom- 
position occurs.  When  saturated  with  an  acid,  ethyl  tellurium 
salts  are  obtained,  the  point  of  departure  for  which  is  the  nitrate. 

Ethyl  Tellurium  XUrate,  Te{C,Hs),(OH)NOg,  is  formed  hy 
dissolving  ethyl  telluride  in  nitric  acid.  It  forms  monoclinic 
crystals,  which  on  heating  deflagrate  like  gunpowder. 

JBthyl  Tellurium  Chloride,  Te(CjHj)jCl,,  is  obtained  from  the 
solution  of  the  nitrate  by  the  addition  of  concentrated  hydro- 
chloric acid,  when  an  oily  liquid  is  formed,  possessing  an  un- 
jdeasant  smell,  and  volatilizing  at  a  high  temperature  without 
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deoompodtloD.  When  it  is  dissolved  in  warm  ammonia  and  the 
liquid  allowed  to  evaporate,  the  ozjchloride,  Tef{CfR^)fiG\j,  is 
formed  in  glistening  aiz-stded  fcisms,  which  ore  difficultly 
soluUe  in  water  but  readily  bo  in  ammonia  and  alcohol. 

The  bromide  is  a  hght  yellow  oil,  and  the  iodide  an  orange- 
yellow  predpitate,  Tre^ed  with  ammonia  they  both  yield 
ciyatallizable  ozy-compounds. 

ea^l  Tdlimum  Sulfhaie,  Tt^{G^^^{01S)^^^  is  obtained  by 
decomposing  the  oxychloride  with  silver  sulphate,  or  by  acting 
with  lead  dioxide  and  dilute  sulpburio  acid  on  ethyl  telluride. 
It  cryetallizes  in  colourless  prisms. 

Ethyl  TtUurivm  CarbonaU,  Tej(C,Hg3j(0H)jC0j,  is  obtwned 
by  saturating  the  solution  of  the  oxide  with  carbon  dioxide,  wby 
decomposing  the  oxychloride  with  silver  carbonate.  It  forms 
email  well-defined  crystals. 

Yarious  etbyl  tellurium  sails  of  oi^nio  acids  are  also  known. 

Ethyl  DUdlviride,  (C,Hg)jTe^  is  always  formed  in  the  prepa- 
ration of  the  moQotelluride ;  it  is  a  dark-red  liquid  having  a 
high  boiling  point. 

Triethyl  TeUuriwm  lodids.  (CHg),TeI,  is  a  crystallizable  body 
obtained  by  the  combination  of  ethyl  iodide  with  ethyl  tcllunde.i 
It  cryBtallixes  from  aqueous  solution  in  a  vacuum  in  bright  yellow 
monoclinic  prisms,  which  melt  at  90"— 92°.  On  distillation  it 
decomposes  into  its  constituents  which  after  some  hours  unite 
together  on  standing  (Pieverling).  By  treating  the  aqueous 
BoluUon  of  this  body  with  silver  oxide,  a  liquid  having  an  alka- 
line reaction  ia  obtiuned,  and  this,  when  saturated  with  hydro- 
chloric acid  and  boated  with  platinum  chloride,  yields  an 
oraoge-yellow  crystalline  precipitate  of  [(C,H^Te]^Cl,.* 


NITROGEN  BASES  OF  ETHYL. 

The  Ethtlahihb  Compounds. 

358  ^hylamine,  NHjC^Hg,  was  first  prepared  by  Wurtz*  in 
1848,  by  distilling  ethyl  isocyanurate  with  caustic  potash,  and 
Ho&nann  *  soon  afterwards  obtained  the  other  ethyl  bases. 
These  discoveries  not  only  exerted  a  great  influence  on  the 

1  Cakoan,  Sua.  Set.  CMvt.  [2],  ir.  40. 

■  Backer,  lAAidt  Aiat.  clxxx.  262. 

*  Complu  Buidttt,  xxTuL  S3S ;  An%.  Ckim.  Fkia.  [31  xii.  443. 

*/iA  3V«w.  1850  [1198  i.^nii.  C^Mt.  PAom.  LluiL  SI. 
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progress  of  theoretical  chemistry  but  also  on  the  industrial 
application  of  the  sdence,  inasmuch  as  hj  their  means  an 
important  branch  of  the  mauu&cture  of  aniline  colours  was 
called  into  being.  In  order  to  prepare  the  ethyl  bases,  a 
haloid  salt  of  ethyl  is  heated  with  ammonia.  The  ethyl 
ethers  of  other  inorganic  acids,  such  for  instanco  as  the 
nitrate  (Juncodella),  the  sulphite  (Cariua),  the  sulphate 
(Strecker),  and  the  phosphate  (Clermont),  are  attacked  in  a 
umilar  way  by  ammonia,  but  in  all  these  cases  the  three  other 
bases  are  formed  together  vhi-ii  the  primary  base.' 

In  order  to  prepare  large  quantities  of  these  compounds,  the 
method  proposed  by  Hofmann*  is  the  best.  For  this  purpoee 
the  crude  ethyl  chloride  obtained  as  a  by-product  in  the  prepa- 
ration of  chloral  is  employed.  This  cont^ns  higher  substitution- 
products,  but  these  may  afterwards  be  readily  separated.  One 
part  of  this  crude  ethyl  chloride  is  digested  with  three  times  its 
volume  of  spirit,  containing  95  per  cent,  of  alcohol,  previously 
saturated  with  ammonia  at  0°.  For  this  purpose  a  wrought  iron 
digester  is  usually  employed,  the  whole  bei  ng  heated  for  an  hour 
in  boiling  water.  On  cooling,  the  liquid  deposits  sal-ammoniac, 
this  is  filtered  off,  and  the  liquid  distilled  on  a  water-bath.  The 
higher  chlorinated  chlorides  of  ethyl  pass  over  first,  and  then  al- 
cohol containing  ammonia,  which  after  a  further  saturation  with 
ammonia  may  be  used  in  a  second  preparation.  As  soon  as  the 
distillation  is  complete,  the  residue  left  in  the  retort  is  evapo- 
rated in  a  basin  until  all  the  alcohol  is  removed.  On  cooling, 
the  liquid  solidifies  to  a  feathery  crystalline  mass  of  the  ethyl- 
amine  hydrochlorates,  with  which  a  small  quantity  of  sal- 
ammoniac  is  mixed.  Concentrated  caustic  soda  is  now  added, 
and  the  liquid  layer  which  separates  out,  consisting  of  a 
mixture  of  the  three  bases,  is  drawn  off  and  dried  over  solid 
caustic  soda.  Although  the  boiling  points  of  the  three  bases 
differ  very  considerably,  they  cannot  be  separated  by  fractional 
distillation,  and  in  order  to  obtain  them  in  the  pure  state  a  plan 
similar  to  that  adopted  in  the  case  of  the  methyl  compounds 
must  be  employed.  The  product  is,  therefore,  treated  with  ethyl 
oxalate,  when  the  triethylamine  remains  unaltered,  and  may 
be  distilled  off  from  the  water-bath.  The  residue  consists  of  a 
mixture  of  solid  diethyloxamide,  CjOj(NH.CjH,)j,  and  liquid 
diethyl  oxamic  ethyl  ether,  C,0,N(C,HJ,OC,Hb,  which  is  then 

•  Bofmum,  Proe.  Sey.  Set,  xi.  80 ;  Carey-Laa,  SiOim.  A  m.  /num.  [21,  rrrii. 
U  ;  xxziv.  *  Btr.  DetOtch.  Chtm.  Gt*.  uL  108. 
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washed  and  mechanicaUy  separated,  and  then  purified  as  hereafter 
described.'  DuviUier  and  Buisine  have  described  a  modification 
of  this  method  of  Beparation.* 


ETHTI.AMINE,  CjHj.NH, 

259  In  order  to  obtain  this  componnd  pnre,  diethylozamide  is 
recrystallized  from  hot  water  and  then  distilled  with  caustic 
potash : 

C,0,(NH.O^^,  +  2  HOK  -  2  NH^CjHj  +  C,0,(OKV 

Pure  ethylamine  is  also  obtained  bj  reducing  nitroethane. 

It  is  a  mobile  liquid  boiling  at  IS"'?,  and  having  a  specific 
gravity  of  06964  at  8°,  It  possesses  a  strong  ammoniacal  smell 
aod  a  powerful  caustic  taste.  It  is  miscible  in  all  proportions 
with  water  with  evolution  of  heat,  and  when  ignited  it  bums 
with  a  yellow  flame. 

Ethylamine  is  also  formed  when  sal-ammoaiac  and  ammoninm 
iodide  are  heated  with  alcohol  to  400^*  as  well  as  when  sal- 
ammoniac  is  fused  with  crystallized  sodium  ethylate.' 

Ethylamine  is  so  powerful  a  base  that  it  decomposes  ammoniacal 
salts,  and,  like  ammonia,  throws  down  many  metallic  hydroxides. 
It  is,  however,  distingnished  from  ammonia  by  the  fiict  that 
precipitated  aluminium  hydroxide  redissolves  in  excess  of 
ethylamine.  This  base  may,  therefore,  be  employed  for  the 
separation  of  ferric  oxide  and  alumina.*  Other  points  of 
diEference  are  that  cupric  hydroxide  dissolves  only  with  di£B- 
cttlty  in  excess  of  ethylamine,  whilst  the  salts  of  cadmium, 
nickel,  and  cobalt  yield  pre(a[dtates  which  are  insoluble  in 
excess, 

Ethylamine  Sydroehtoridt,  or  l^ylammonium  Chloride, 
N(C,Hj)H,Cl,  crystallizes  from  water  in  fine  very  deliquescent 
prisms,  and  from  hot  alcohol  in  tablets.  Stas  obtained  it  in 
large  crystals  by  allowing  a  mixture  of  ethyl  chloride  and  an 
ethereal  solution  of  ammonia  to  stand  for  some  time  exposed  to 
the  action  of  the  sun's  rays.'  According  to  Groves  this  salt  is 
best  obtained  by  heating  a  mixture  of  one  volume  of  ethyl 

>  Holnuuui,  Proe.  Soy.  Stc  zi,  68  ;  B«r.  2)fLUch.  CSum.  OtM,  iii.  T7fl ;  Btr. 
Strlin.  Acad,  1B71,  2S.  ■  Cotnpl.  S4Jui.  luzTiiL  81. 

*  V,  Hercr,  LiMgt  Aim.  elxxr.  88. 

*  Berthelot,  Ann.  Chim.  Phy$.  [Z\  xxxrUL  fll. 

*  KoUer,  Ikr.  DenltA.  Chem.  Ga.  xi.  20S3. 

*  S.  Mcyn,  Jovr*.  PmM.  Chm.  Ixru.  117.  '  EaknU,  X^rtack,  L 
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chloride  and  three  volumes  of  atroa^  ftlooholic  ammonia  for  aeren 
hours  to  100°.'  It  melts  at  76° — 80°  and  on  cooling  solidifies  to 
a  crystalline  mass.  Heated  &om  315°  to  320',  it  evolves  vapoura, 
and  on  cooling  forms  a  milk-white  amorphous  mass  melting  at 
260°.     It  forms  double  salts  with  metallic  chlorides. 

The  bromide  and  iodide  closely  resemble  the  chloride  but 
hare  not  been  more  exactly  described.  According  to  Wshler 
and  Diinhaupt  pure  ethylamine  hydriodide  is  obtained  when 
a  boiling  mixture  of  equal  volumee  of  ethyl  iodide  and  absolute 
alcohol  ia  saturated  with  dry  ammonia  and  then  allowed  to  stand 
until  water  produces  no  further  turbidity.* 

Mhylatmnoivium  SviphaU,  (NCjHg),H^O^  is  an  unciyBtalliz- 
able  deliqueaceitt  mass,  easily  soluble  in  sJcohol  It  forms  double 
salts  with  the  sulphates  of  m^neBium,  copper  and  aluminium. 
Aluminium  ethylammonium  alum,  AI,(SO^,  +  (NCjE^jH^O^ 
+  24HjO,  crystallizes  in  octohedrons. 

Ethylammonium  NUraU  crystallizes  only  with  difficulty  in 
very  deliquescent  scales. 

Ethylammonium  Carbonate  ie  obtained  by  distilling  the  anhy- 
drous chloride  with  dry  carbonate  of  soda.  It  is  obtained  as 
a  liquid  which  solidifies  to  a  crystalline  mass.  It  has  a  strong 
smell  of  ammonia  and  is  deliquescent  Its  composition  closely 
corresponds  to  that  of  the  normal  salL 

Mkylammonium  Cariamate,  CO  i  rJu^  h"ih  '  ^  *  ^^^ 
powdeiy  mass  obtained  by  passing  dry  carbon  dioxide  into 
ethlyamine.  It  is  soluble  in  water  and  its  solution  precipitates 
calcium  chloride  on  standing. 

Mkylammonium  Chtorauraie,  ^(CiH^H^uClf,  is  obtained 
by  evaporating  a  solution  of  the  hydrochloride  with  gold  chloride, 
and  crystallizes  in  fine  golden-yellow  prisms,  soluble  in  water, 
alcohol,  and  ether. 

Ethylammonium  Platimehioride,  Nj(CjHj),H^tCl^  is  formed 
as  a  yellow  precipitate  when  concentrated  solutions  of  its  two 
constituents  are  mixed  and  alcohol  added.  It  crystallizes  &om 
hot  water  in  obtuse  rhombohedrons,  which  were  long  supposed 
to  be  cubes  (Schabus). 

PlatodieihylamTnonium  PkUinocMoride,  Pt(NC,HjH,).PtCl4. 
This  compound,  which  correspcmds  to  Magniu't  gran  salt,  is  a 
reddish  insoluble  powder,  obtained  by  Wilrtz  by  acting  on  ethyl- 
amine with   platinoua   chlorida     When  it   ia  heatod   with  a 

>  Quart.  Jovnt.  Cbm.  Aie.  ziii  S31.      ■  Jm.  Otm.  Pkarm.  Ixxxri.  Wi. 
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solution  of  ethylamine  it  dissolves,  frequently  leaving  a  residue 
of  ui  insoluble  black  powder,  and  on  evaporating  the  solution, 
fine  colourless  prisms  of  platodiethylammouium  chloride, 
PtCNCjH,H^,Cl,  (see  VoL  IL  ^rt  II.  p.  412),  are  obtained. 

Corresponding  pallgdium  compounds  are  also  kuown,^  and 
in  addition  to  those  already  described,  several  other  ethylamine 
salts  have  been  investigated  l^  £.  Meyer.* 

£thylammommn  Bydrtmdphide  is  obtained  by  acting  with 
Bulphoretted  hydrogen  on  ethylamine  cooled  with  ice.  It  forms 
fine  colourless  crystals  which  become  yellow-coloured  on  exposure 
and  deliquesce.     Its  solution  dissolves  antimony  sulphide. 

JHehtoTtthytamine,  or  EihylaUd  Chloride  o/Nitrogen,  NC^H^Clf 
This  singular  compound  was  first  obtained  by  Wurtz,*  by 
acting  with  chlorine  on  an  aqueous  solution  of  ethylamine. 
In  order  to  prepare  it,  250  grama  of  bleaching  powder  are 
rubbed  up  with  water  to  a  thick  paste  and  placed  in  a  two-liter 
flask,  100  grams  of  ethylamine  hydrochloride  being  added  in 
four  portions,  a  strong  evolution  of  heat  occurring.  The  mix- 
ture ia  then  distilled  so  long  as  oily  drops  pass  over,  and  the 
product  is  subjected  to  a  second  treatment  with  bleaching 
powder.  The  distillate  is  then  washed  with  water,  shaken  up 
with  50  per  cents  sulphuric  acid,  washed  with  dilute  caustic 
soda,  dried  over  chloride  of  calcium,  and  fractionated.*  Di- 
chlorethylamine  is  a  strongly  refokcting  golden-yellow  liquid, 
having  a  highly  penetrating  amell  resembling  chlorpicrin  and 
hypochlorouB  acid.  It  boils  at  SS'—SO',  and  at  o'  has  a 
specific  gravity  of  1*2397.  By  the  action  of  zinc-ethyl  it  is 
converted  into  trietbylamine : 

v;,H,  ■^c,H.         \cy,  \(3. 

When  kept,  it  frequently  decomposes  with  formation  of 
hydrochloric  acid,  sal-ammoniac,  ethylamine  hydrochloride, 
chloroform,  acetonitril,  and  acetyl  chlorida'  This  decomposi- 
tion, however,  only  takes  place  when  the  body  is  not  perfisctly 
pure.' 

Di-iodoethylami'M,  CjHjNlj.  This  ethylated  iodide  of  nitn^en 
was  obtained  by  Wurtz,  tt^ether  with  ethylamine  bydriod^e, 

>  E.  HdHer,  Akh.  Chtn.  Fham.  bozfi  8S7. 

*  Jount.  Prakt.  Chem..  IiviL  147  ;  Ixviii.  270.  *  Com^.  Send.  xL  810. 

*  Tadwniiak.  Btr.  Dmb^.  Chtm.  0a.  ix.  IM.        *  KbUer,  ib.  ziL  1S6S, 

*  TichBnii>k,Ar.XM(«A.(7jw)n.OM;xiLia3», 
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b;  treatiDg  an  aqueous  solution  of  etbylamiue  with  iodine.  It 
is  a  dark  blue  liquid  which  decomposes  on  heating  vith 
carbonization  and  evolution  of  iodine  vapours. 

fO,H. 

Ethyl  Formamide,   if-i  COM,  is   obtained   hy  distilling  an 

(h 

aqueous  solution  of  ethylamine  formate,  and  separates  from  the 
distillate  on  addition  of  potash.'  If  etbjlamine  be  brought  in 
contact  with  chloral,  a  crTStalline  compound  is  formed, 
which  on  distillation  decomposes  into  chloroform  and  ethyl 
formamide :  * 

OH  O 

CClj-dH  -    CC1,H    +    CH 

\(C,HOH  \(C^^H. 

Ethyl  formamide  is  a  thick,  almost  odourless  liquid,  boiling 
at  199*  and  having  a  specific  gravity  of  0-932  at  21° 

DlETHTLAMIME,  K(C,H^^ 

360  Diethylamine  is  obtained  by  distilling  the  before-men- 
tioned ether  of  diethyloxamic  acid  with  potash : 

C,0,  {  og^'  +  2  KOH  -  C,0, 1  g|  +  N(C,H^  + 

HO.CjH,. 

In  order  to  obtain  this  ether  in  the  pure  state,  the  crude  oil 
is  cooled  to  0°,  poured  off  from  tbe  diethyl  oxamide  which 
separates  out,  and  distilled,  when  the  pure  ether  comes  over 
at  260°. 

Diethylamine  is  a  colourless  liquid  boiling  at  67**5,  pos- 
seseing  a  strongly  ammoniacal  smell,  and  being  easily  soluble 
in  water.  It  is  distinguished  from  ethylamine  by  the  £Ew;t  that 
copper  hydroxide  dissolves  only  very  slightly  in  excess,  whilst 
doc  hydroxide  ia  altc^ther  insoluble  (Carey  Lea).  Its  salts 
have  been  bat  slightly  investigated.  The  platinichloride, 
[N(CiH,)jHj]^CI^  forme  large  orange-red  monoclinic  crystals 
resembling  octohedrons  (Miiller,  Schabus). 

NiiToaodielkylamiru,  K(CjH^jN0,  was  obtained  "by  Qeattm 
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by  acting  on  a'  concentiated  solution  of  potassium  nitrite  witb 
a  perfectly  ueatial  solution  of  diethylamine  hydrochloride : 

-  HO.NO  -  N-|  cS  +  H,0. 


N-j  an,  i 


This  compound,  to  which  he  gave  the  name  of  nitro-diethylin, 
and  vtiich  hag  likewise  been  termed  diethyl-uitrosamine,  ia 
a  yellowish  oil  having  an  aromatic  smell  and  a  burning  taste, 
boiling  at  177°,  and  having  at  17°'5  a  specific  gravity  of  0'951. 
When  acted  upon  by  hydrochloric  acid  in  presence  of  water  it 
dissolves,  and  on  heating  forms  diethylamine  hydrochloride, 
whilst  nitric  oxide  is  evolved,  produced  from  the  decompositioQ 
of  the  nitrous  acid  formed.  Dry  hydrochloric  acid  gas  also 
converts  it  with  evolution  of  nitrosyl  chloride  into  diethylamine 
hydrochloride,  and  when  it  is  treated  with  water  and  sodium 
am^gam  the  following  reaction  takes  place :  * 

2  N(C,Hj)^0  +  3  H,  =.  2  N(C,Hs),H,  +  N,0  +  H,0. 

Diethyl  Formamide,  N(C^,),COH,  is  formed  by  distilling 
diethylamine  formate,  as  a  thick  odourless  liquid  boilii^  at 
176°— 178',  and  having  at  19*  a  specific  gravity  of  0-908 
( linnemann) . 

Teiethylamink,  N(C,HJ,. 

361  This  is  a  colourless,  oily,  pleasantly  smelling,  strongly 
alkaUne  liquid,  boiling  at  91°,  tighter  than  water,  and  slightly 
soluble  in  this  liquid.  It  precijntatea  many  metallic  salts.  The 
precipitates  are,  however,  not  soluble  in  an  excess  of  the  reagent, 
wiUi  the  exception  of  silver  oxide,  which  dissolves  sparingly, 
and  of  the  aluminium  and  stannic  hydroxides,  which  are  readily 
soluble,  in  excess. 

Tri^ylamiTie  Sydrochloride,  N(CjH^,HCl,i8  on  ioflammable 
substance  crystalUziDg  in  feathery  non-deliquescent  scales 
which  may  be  sublimed  without  decomposition.  It  forms  with 
pEatinic  chloride  the  compound  [N{C,Hg),EQjPtCl^  ea&Iy 
soluble  in  water,  and  yielding,  on  evaporation,  la^e  red  rbombic 
crystals, 

Trieihylamina  Ei/drobromide,  N{C^^,HBr,  forms  large 
feathery  crystals  resembling  sublimed  sal-ammoniac 

The  tulphate  is  a  very  soluble  salt  crystallizing  with  difficulty. 
'  Jount.  PraU.  CUa,  [2;^  !▼■  iSS. 
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.  IWrtAyiimtiwiViffrdfe,  N(CiHg),HNO^  is,  according  to  Lea, 
nnoTBtallizable,  whereas  Y.  v  Lang  mentions  that  it  forms 
rhombic  ciystala  which  are  isomorphous  with  those  of  nitre.* 


Thb  Tbtrabthylammokium  CoMPOUNDa 

363  Tetra^hi/lamTiumitwiS'i/droxide,ii(Cfi^fi'B.,aobtaiasd 
by  gradually  adding  freshly  precipitated  silver  oxide  to  a  weak 
warm  solution  of  the  corresponding  iodide.  If  the  filtrate  be 
evaporated  first  on  a  water-bath  and  then  in  a  vacuum,  long 
very  deliquescent  needles  are  frequently  obtained.  These 
disappear  on  further  evaporation,  the  compound  drying  up  to 
a  semi-solid  deliquescent  mass  which  in  its  reactions  closely 
resemble  caustic  potash,  with  the  exception  that  chromium 
hydroxide  is  insoluble  in  an  excess  of  this  reagent. 

When  heated  with  ethyl  iodide,  alcohol  is  formed : 

N(C^^,OH  +  C,H,I  =  N(C,H^.I  +  C,Hs.Oa 

The  hydroxide  when  heated  alone  decomposes  into  triethyl- 
amine,  ethylene,  and  water. 

Tetnuthylamtnonium  Chloride,  N(C,Hj)^Cl,  is  obtained  by 
saturating  the  hydroxide  with  hydrochloric  acid.  It  is  crystal- 
line  but  veiy  deliquescent,  and  forma  with  various  metallic 
chlorides  crystallizable  double  salts. 

The  tromide  ia  a  very  similiar  body,  unitii^;  with  bromine  to 
form  the  tribromide,  N{C^j),Br^  crystalliziiig  firom  alcoholic 
solution  in  bright  yellow  needles  which  melt  at  78°  without 
decomposition.* 

Tetradhylammoniurit  Iodide,  y(C,HJ^L  This  forma  the 
starting-point  for  the  preparation  of  the  tetraethylammonium 
compounds,  and  is  formed,  as  has  already  been  stated,  by  the 
action  of  ethyl  iodide  on  ammonia  or  on  the  ethylamines.  If 
iodide  of  ethyl  be  mixed  with  triethylamine  the  mixture  soon 
becomes  hot,  and,  after  some  days,  solidifies  to  a  white  ciystal- 
line  mass.  The  combination  takes  place  more  rapidly  when  the 
mixture  is  heated  in  sealed  tubes  to  100°.  The  iodide  is 
easily  soluble  in  water,  and  separates  on  evaporation  in  fine 
well-formed  crystals.  When  heated  it  decomposes  into  ethyl 
iodide  and  triethylamine  which  distil  over  separately,  but,  on 
cooling,  again  unite.  It  is  insoluble  in  caustic  potash,  and 
1  AOnA.  Cham.  ISST,  ¥».        *  Uuqturt,  Btr.  ZtatftO.  CKmk.  A*,  lit.  SSL 
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hence  separates  out  when  caustic  potaeb  is  added  to  its  solution, 
without  undergoing  the  slightest  decomposition.  Exposed  to 
the  air,  the  salt  changes  to  the  tri-iodide,  N(C,Hj),Ty  a  &ct 
first  observed  by  Hofmano,  but  afterwards  more  exactly 
examined  by  Weltzieu.*  This  compound  is  also  obtained  t^ 
treating  the  product  of  the  reaction  of  iodide  of  ethyl  on 
ammonia  irith  iodine.  It  crystallizes  &om  hot  alcohol  in 
feathery  needles,  but  is  deposited  from  a  solution  in  potassium 
iodide  in  quadratic  prisms  which  exhibit  a  line  blue  lustre  by 
reflected  light,  and  a  reddish-brown  colour  by  transmitted  light. 
On  addition  of  water  to  the  mother-liquor,  a  brownish  oil 
separates  out,  probably  the  pentaiodide.  By  the  action  of 
iodine  monochloride  on  tetraethylammonium  chloride,  the  com- 
pound N(CjHj)jCljI  ia  formed  in  fem-shaped  crystals  like 
sal-ammoniac.* 

Tetraethylammonium  Chloraurate,  N(G^K^^A.uC\^,  is  a 
lemon-yellow  crystalline  precipitate  deposited  from  solution  in 
hot  water. 

Tetraethylamm^mium  Flaiinitihloridc,  Nj(CfH,)gPtCl^  is 
exactly  analogous  to  the  corresponding  potassium  compound, 
and  crystallizes  from  hot  water  in  octohedrons. 

Besides  these  bodies,  a  large  number  of  other  tetraethyl- 
ammonium salts  exist.  These  have  been  examined  by  Hofmann 
and  by  Classen.' 

Methyltriethylamvumium  Iodide,  NCH,(C,Hj)jI,  is  easily 
formed  by  the  combination  of  methyl  iodide  with  triethylamine. 
It  is  obtained  in  crystals  which  are  exceedingly  soluble  in 
water,  and  which,  in  chemical  reaction,  exhibit  great  analogy 
with  tetraethylammonium  iodide.* 

Dimethyldietkylammonium  Iodide,  N(Cnj),(C,Hj)jI,  ia  formed 
by  the  prolonged  action  of  ethyl  iodide  on  dimetbylamine,  as 
also  by  acting  on  diethylanune  with  methyl  iodide.  In  its 
properties  it  closely  resembles  the  other  ammonium  iodides.  If 
the  corresponding  chloride  be  heated  it  decomposes  into  methyl 
chloride  and  methyldiethylamine,  N(CBy(C^Jy'     Hence  we 

fOH,  tCM. 

see  that  the  salts,  N  ^  CH,  +  C,HjCl  and  N-]  C  J,  +  CH,a 

>  Jan,  Chem.  PhariK.  IxxxvL  202 ;  id.  18. 

*  TUdan,  Jonm.  £A«m.  Soe.  (2],  xix.  US. 
»  Jeunt.  FraJd.  Ciem.  iciiL  4«. 

*  Hofmano,  Phil.  Trmu.  ISfil  (ii.)  SS7. 

*  H«;er  uid  Lecco,  Ann,  (Ann.  PAorm.  clzzz.  17S. 
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are  identical  and  cannot  be  conudered  as  molecular  compounds, 
one  of  wluch  contains  ethyl  chloride  and  the  other  methyl 
chloride.  Hence  it  also  follows  that  in  (Ut  tht  amnunium 
eompoundt  nitrogen  aett  at  a  peiUad} 

Ethtl  Htdrazines. 

363  These  compounds  (see  avie,  p.  161)  were  discovered  by 
K  Fischer*  and  carefully  investigated  by  him. 

Ethyl  ffj/dnaine,  C^,N,H,  Diethyl  urea,  CO(NH.0,HJ, 
is  the  starting  point  for  this  oompound,  being  first  conrerted  hy 
means  of  nitron  trioxide  into  the  nitioso-oompoand  CON, 
(NO)(C,H,),H.  This  is  next  treated  with  acetic  acid  and  rinc 
dust,  diethyl  semicarbozide  being  formed,  and  this,  on  boiling 
with  hydrochloric  acid,  is  conrerted  into  ethyl  hydrazine,  carbon 
dioxide,  and  ethylamine ; 
HN.C^ 
cSo  +    H,0    -    CO,    +    H,N.C,H,    + 

H,N— N.C,H,.  HjN— HN.C,Hr 

As  soon  as  the  decompoeition  ia  complete,  the  solution  is 
cooled  by  ice  and  saturated  with  hydrochloric  acid,  when  hydra- 
zine hydrochloride  separates  out  as  a  crystalline  mass.  When 
concentrated  caustic  potash  is  added  to  the  dry  salt,  a  solution 
of  the  base  Is  obtuned,  which  separates  out  as  an  oily  liquid  on 
the  addition  of  powdered  caustic  potash.  It  may  be  completely 
dehydrated  by  the  addition  of  anhydrous  baryta. 

Ethyl  hydrazine  is  a  mobile  colourless  liquid  possessing  an 
ethereal  slightly  ammoniacal  smell,  and  boiling  at  99'''5  when 
the  barometer  stands  at  709  mm.  It  is  very  hygroscopic,  and  at 
the  ordinary  temperature  possesses  a  high  vapour-tension,  and, 
for  this  reason,  it  emits  thick  white  fiimes  on  exposure  to  moist 
air.  It  dissolves  in  water  and  alcohol  with  evolution  of  heat ; 
it  is  very  caustic,  in  a  short  time  destroying  cork  and  caoutchouc. 
With  acids  two  series  of  salts  are  formed,  of  which  the  hydro- 
chloride is  the  only  one  hitherto  carefully  examined.    The  acid 

■  In  pan.  S4  uid  3S  of  ToL  I.  it  U  sUted  that  ths  dementi  of  the  nitrogen 
gTDQp  are  triralent,  but  that  thej  pceaew  the  peculiaiitj  of  acting  aa  peotsda  in 
certain  componnda.  The  facts  ahove  atated,  ai  well  as  othen,  mch  ai  the  eidateiiea 
of  •  stable  nhoaphonis  pentaflnarida,  prore  that  theM  element*  do  not  pooeea  a 
coiutant  ralenc;.  Hie  compoiuida  in  vrhieh  thejr  are  pentada  deoompoae  man  or 
lesa  nndilf  into  tiro  moleculee. 

*  Liebi^t  AimaUit,  ezciz,  281. 


)vGoo<^lc 


ETHTL  BTDBAZINEa  411 

Bait,  C,H^N,H^CIH}|,  fbrma  white  oeedles,  and  ita  aqaeons,  as 
well  as  ita  alcoholio  solution,  has  an  acid  reaction.  When  this 
solution  is  evaporated,  or  when  the  dry  salt  is  heated  to  110°, 
the  nentral  compound  is  obtained  as  a  homy  deliquescent  mass. 
The  neutral  sulphate  Is  very  soluble  in  water,  and  crystalliEes 
from  hot  alcohol  in  fine  glistening  tablets  or  scales. 

Ethyl  hydiazine  is  only  slowly  attacked  by  oxidizing  agents 
in  acid  solution,  but  it  is  quickly  destroyed  in  alkaline  liquids. 
It  reduces  Fehling's  solution  in  the  cold  with  evolution 
of  nitrogen  mixed  with  a  combustible  ga&  The  oxides  of  silver 
and  mercury  act  in  a  mmilar  way,  the  latter  with  fonnaUon  of 
a  small  quantity  of  mercuzic  ethide.  Ethyl  hydrazine  behaves 
like  ammcmia  with  respect  to  the  salts  of  lead,  nickel,  cobalt 
and  iron.  The  cobalt  precipitate,  however,  is  prevented  from 
oxidation  by  the  reducing  action  of  the  base,  and  hence  it 
pTOflerves  its  blue  colour  for  a  long  time,  whilst  the  precipitated 
ferric  hydroxide  is  rapidly  converted  into  the  black  hydroxide 
on  wanning,  Heated  with  alcoholic  potash  and  chloroform 
hydrazine  gives  tiie  carbamine  reaction  (see  p.  413),  whilst  with 
ethyl  iodide  it  forms  diethyl  hydrazine  and  other  ethylated  bases. 

Potassium.  £thyl  Hj/dragineSiUpTumaie,  C(H(j!JH.NH.SO,K,  is 
formed  by  warming  the  base  with  potassium  disulphate.  It 
is  very  soluble  in  water,  and  separates  out  on  addition  of  alcohol 
in  fine  glistening  scales.  When  boiled  with  hydrochloric  acid  it 
decomposes  into  the  base,  and  acid  potassium  sulpbat^  and 
when  ita  concentrated  solution  is  treated  with  mercuric  oxide 
potoMium  diaeoetkane  eulp?umate,  CjH,N  =N.SOjK,  is  formed. 
This  crystallizes  in  scales  or  needles  which  deflagrate  strongly 
on  heating  when  dry,  and  on  treatment  with  xinc-duat  uid 
acetic  acid  is  again  converted  into  the  original  compound. 

a64  Diethyl  Bydrazine,  (C^,),N^j,  ih  obtained  by  the 
action  of  zinc-dust  and  acetic  add  on  an  aqueous  solution  of 
nitroeodietbylamine,  when  at  the  some  time  ammonia  and 
diethylamine  are  produced : 

(C,Hj),N-NO  +  2  H,  -  (C,H^-NH,  +  H,0. 
<C^jyf-NO  +  3  H,  -  (C,H^^H  +  NH,  +  H,0. 
In  Older  to  separate  it  from  the  diethylamine  formed  at  the 
same  time,  it  is  converted  into  the  difficultly  soluble  urea,  which 
will  be  afterwards  described,  and  which  is  decomposed  by  hydro- 
chloric acid  into  diethyl  hydrazine,  carbon  dioxide,  and  ammonia. 
The  base  dried  over  caustic  baryta  is  an  easily  mobile  colourless 
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liquid  which  possesses  an  ethereal  and  £unt  ammoniacal  odour. 
It  hoils  at  96°  to  99°  and  is  easily  soluble  in  vater  and  alcohol. 
It  is  a  monacid  base,  and  fonns  soluble  aalta  which  as  a  rule 
crystallize  with  difficulty.  The  platinichloride,  (CjHJ^N^H, 
PtCI,,  sepaiates  out  in  yellow  ueedles  od  addition  of  platinic 
chloride  to  the  alcoholic  solution  of  the  hydrochloride.  Fehling*s 
solution  is  reduced  by  the  frea  base  only  on  warmii^,  with 
evolution  of  nitrogen  and  formation  of  diethylamine.  This 
reaction  may  be  employed  to  detect  the  presence  of  a  nitros- 
amine  iu  aqueous  solution.  It  is  heated  slowly  with  ztnc-dust 
and  acetic  acid  to  the  boiling  point,  filtered  and  warmed  with 
Fehl in g's -solution  after  saturation  with  an  alkali.  The  smallest 
quantity  of  the. hydrazine  which  is  formed  may  be  detected  by 
the  precipitation  of  cuprous  oxide.  This  reaction  is  only  of  course 
available  when  no  other  substances  are  present  which  either  alone 
or  by  the  action  of  nascent  hydrogen  act  as  reducing  agents, 
such  for  example  as  the  hydrazine  bases,  hydrozylamine,  and 
the  nitrogen  acids,  which  latter  yield  bases.  In  such  cases  these 
bodies  must  bo  removed  by  distillation,  either  with  an  alkali  or 
with  an  acid. 

265  TnetkyUwmium  Iodide,  {CjH^,NjHjI.  This  is  formed 
by  the  union  of  diethyl  hydrazine  with  ethyl  iodide.  It  is  easily 
soluble  iu  water,  and  crystallizes  from  hot  alcohol  in  white 
needles,  which  yield  with  sUver  oxide  a  strong  alkaline 
bydrpxide  analogous  to  tetraethylammonium  hydroxide,  and 
this  when  heated  with  water  yields  diethyl  hydrazdne  and 
ethylene.  If  its  aqueous  solution  be  treated  with  zinc-dust 
and-dilute  sulphuric  acid  00  a  water-bath,  triethylamine,  hydri- 
odidic  acid  and  ammonia  are  formed.  This  decomposition  is  a 
further  proof  that  ammonium  compounds  contain  pentad  nitro- 
gen, for  this  reaction  can  only  be  explained  under  the  supposition 
that  the  iodide  possesses  the  following  composition*. 

H,N/   \CX 

TttToxtlttit-TtiraamUf  (C,HJ.N^  is  formed  by  the  actioD  of 
yellow  mercuric  oxide  on  a  cold  aqueous  solution  of  diethyl 
hydrazine  : 

(0,HJ,N-N 
2(0,HJ,N-NH,  +  4HgO.  |l  +  2  Hg,0  +  2  H,0. 
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This  compooDd  is  an  almost  colourless  oit  insoluble  in  iratflr 
bnt  soluble  in  alcohol,  possessing  a  peculiar  alliaceous  smelL  It 
does  not  solidify  at  —  SO'.  It  volatilizes  in  aqueous  vapour  but 
cannot  be  distilled  hj  itself,  and  when  quickly  heated  partially 
decomposes  with  defiagration  into  diethylamine  and  nitrogen. 
It  is  easily  soluble  in  acids,  but  its  salts  are  very  unstable.  Thus 
the  hydrochloric  acid  solution  when  heated  to  70° — 80°  decom- 
poses with  a  rapid  evolution  of  nibrogeo ; 

CC^J.N,  +  H,0  =  C.H^NH,  +  CC,HJ,NH  +  C^.O  +  N, 
This  reaction  is  remarkable  for  the  ease  with  which  the  ethyl 
group  separates  from  the  nitrogen  and  is  converted  into  aldehyde, 
in  order  to  yield  the  hydrogen  necessary  for  the  formation  of  the 
amine. 

The  platinicbloride,  (C^,)gNgH^Cl^  separates  out  &om 
alcoholic  solution  in  small  golden  yellow  prisms.  It  dissolves  in 
cold  water  without  alteration,  but  like  the  chloride,  decomposes 
OD  boiling. 

Tetraetbyl-tetrazone  acts  as  a  strong  base,  decomposing  many 
salts  of  tbe  heavy  metals.  If  a  solution  of  this  substance  be 
brought  in  contact  with  silver  nitrate,  an  almost  instantaneous 
evolution  of  nitrogen  takes  place  with  formation  of  a  silver 
mirror.  Wanned  with  water  aiul  silver  oxide  the  some  phenom- 
enon takes  place,  stiver  acetate  being  at  the  same  time  formed. 
When  shaken  with  a  solution  of  iodine  in  potassium  iodide  a 
dark  oil  separates  out  which  deflagrates  when  slightly  warmed 
ander  water. 


CYANOGEN  COMPOUNDS  OF  ETHYL. 

a66  Etht/t  Carbamiju,  GN.G^f.  If  a  mixture  of  ethylamine, 
chloroform,  and  alcohol  be  poured  into  a  retort  contaioing 
powdered  caustic  potash  the  bquid  soon  begins  to  boil  violently 
and  ethyl  corbamine  distils  over  together  with  ethylamine, 
chloroform,  alcohol,  and  water,  the  first-mentioned  substance 
being  separated  by  repeated  fractional  distillation,^  It  is,  how- 
ever, obtained  in  the  pure  state  more  readily  by  acting  with 
one  molecule  of  etbyl  iodide  upon  two  molecules  of  silver 
cyanide  in  presence  of  some  ether,  the  mixture  being  heated  in 
sealed  tubes  for  several  hours  to  ISO" — 140".*     The  crystallized 
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compound  CKAg  +  CNCjHg  is  then  formed,  and  this  is  distilled, 
aJiter  tike  evaporation  of  the  ether,  with  half  its  weight  of  potas- 
slum  cyanide  and  some  water,  the  product  being  subsequently 
dried  over  calcium  chloride  and  rectified.^ 

Ethyl  carbtunine  is  a  colourless  liquid  having  a  repulsiTe 
penetrating  odour.  The  inhalation  of  its  vapour  produces 
headache  and  giddiness.  It  possesses  a  slightly  alkaline  re- 
action, boils  at  78° — 80°,  and  is  converted  into  ethylfunine 
formate  when  heated  with  water  for  twelve  hours  to  180°. 
Anhydrous  hydrochloric  or  hydrobromic  acid  is  absorbed  with 
such  a^dity  that  a  tarry  mass  is  formed.  In  presence  of  ether 
the  salts  of  ethyl  carbamine  tu%  obtaiued,  of  which  the  hydro- 
chloride possesses  the  composition  (CN.C,Hj)j(ClH)g.'  It  forms 
white  scales  having  a  bitter  taste.  It  is  deliquescent  and  its 
solution  quickly  decompose  with  formation  of  ethylamine  and 
formic  acid.  If,  however,  it  be  treated  with  concentrated  caustic 
potash  in  the  cold,  ethyl  formamide  is  obtained  as  the  chief 
product.  This  is  also  formed  together  with  acetic  anhydride 
when  the  carbamine  is  mixed  with  anhydrous  acetic  acid,  con- 
siderable heat  being  evolved : 

Ethyl  carbamine  is  also  formed  in  small  quantity  by  distilling 
the  isomeric  propionitril,  a  body  to  be  afterwards  described,  and 
it  is  converted  into  this  substance  when  heated  in  closed  glass 
tubes  to  180°. 

367  £tkyl  CyanaU,  NCOCtH^,  the  normal  cyanic  ether,  was 
obtained  by  Cloez'  by  acting  with  cyaut^en  chloride  ou  a 
solution  of  sodium  ethylate  in  a  mixture  of  ether  and  alcohol. 
It  was  called  by  him  cyanUhdin  in  order  to.  distinguish  it  from 
the  ifioc^inate  which  was  then  supposed  to  be  the  true  cyanic  ' 
etiier. 

It  is  a  colourless  oily  liquid,  possessing  an  ethereal  smell  and 
a  sharp  bitter  taste,  having  a  specific  gravity  of  l'127l  at  15*. 
Caustic  potash  decomposes  it  with  formation  of  alcohol  and 
po^ssium  cyanurate.  If  hydrochloric  or  hydrobromic  add  be 
passed  into  the  solution,  a  thick  mass  is  obtained  which  becomes 
solid  within  twenty-fonr  hours,  and  on  slightly  warming  yields 


;abyGoO<^lc 


BTHTLOABBUODE.  41S 

a  distillate  of  ethyl  chloride  or  bromide,  oyaauric  acid  rennuoing 
behind.^  Ethyl  cyanate  decomposes  easily  into  a  ciystalline 
mass  vhich  is  a  mixture  of  the  two  following  compounds :  * 

Diethyl  amidoeyanuraie,  C,Nj(OC^j),NH,,  crystallizitig  in 
slender  white  prisms,  melting  at  97°. 

Eikyl  diamtdoet/amirate,  C,N,(OC|Hg)(KHi;j,  a  white  crys- 
talline mass  fusing  above  190°. 

368  Hthyl  leocyanate,  or  Sthj/l  CaHnmide,  CO.NC,H,,  was 
obtained  by  Wurtz  *  by  dietilliag  a  mixture  of  one  part  of  freshly 
prepared  and  well-dried  potsssiam  cyanate  with  two  parts  of 
potassinm  ethyl  8ulphat&  The  reaction  b^ins  at  180°,  and  is 
completed  at  250*.  The  distillate  is  a  mixture  of  ethyl  iso- 
cyanate  and  isocyanurate,  and  these  can  be  readily  separated 
by  distillation.  Ethyl  carbimide  is  a  mobile  liquid,  boiling  at 
60°,  and  having  a  specific  giarity  of  0898.  It  possesses  a 
saffocating,  very  irritating  smell.  It  is  converted  by  the  action 
of  water,  ammonia,  and  the  amines  into  the  ethylated  ureas. 

The  following  reaction  takes  place  when  it  is  heated  with 
caustic  potash : 

N  {  ^  +  2  HOK  -  CJOCOK),  +  n| 

It  has  already  been  stated  that  thU  was  the  reaction  by  which 
the  amines  were  first  obtained  by  Wiirtz  (see  p.  401). 

Ethyl  oarlHmide  combines  with  anhydrous  hydrochloric  acid 
to  form  ethyl  carbonyl  ammonivim  chloride,  N(C0)(C^()HC1,  a 
liquid  possessing  a  penetrating  odour,  boiling  at  98°,  and 
decomposed  by  water  into  ethylamine  hydrochloride  and  carbon 
dioxide.'  It  forms  similar  compounds  with  hydrobmmic 
acid.' 

Eikyl  Itocyanvirate,  CjO,{NC(H^y  is  easily  formed  from  the 
foregoing  compound,  as  also  when  potassinm  cyanurate  and 
potassium  ethyl  sulphate  are  heated  together  to  200°.  It 
crystallizes  &om  boiling  alcohol  in  rhombic  prisms,  which  melt 
at  85°  and  boil  at  276°  (Limpricht  and  Habicfa).  When 
heated  with  ammonia  it  does  not  undergo  change,  whereas 
on  treatment   with  potash,  it  decomposes  with  formation  o( 


•  Sal,  Bull.  Soe.  Chim.  tI  439. 
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ethylanuDfi  and  potaBalum  carbonate.     Oa  the  other  hand, 
boiling  baryta-water  decomposea  it  into  tridkyl-Muret : 

CO— N.C^(  CO— NH.C^ 

C,H,.N  ^0      +  HjO  =  C^,.I^  +  CO, 


CO—] 


KC^Hj  "CO— NIIC^Hj. 


Ethyl  isocyanurate  is  a  thick  oUy  liquid,  which  when  heated 
yields  diethyl-urea  and  ethyl  carbimide.* 

Dietki/l-wocyanuric  Acid,  CjOjNj(CjHj)jH,  is  contained  in 
combioatioii  with  ethylamine  in  the  crude  product  obtained  by 
distilling  potassium  cyanurate  with  potassium  etliyl  sulphate, 
and  is  prepared  &om  the  mother-liquors  of  ethyl  isocyanurate 
by  boiling  with  baryta-water  until  ethylainine  is  evolved. 
Carbon  dioside  is  then  passed  through  the  liquid,  and  the 
filtrate  evaporated,  when  triethyl-biuret  first  separates  out 
and  then  the  Ixirium  salt  of  diethyl-cyanuric  acid ;  this  latter 
is  then  decomposed  by  sulphuric  acid.  The  free  acid  ctyetal- 
lizca  in  hezagonal  prisma  or  obtuse  rbombohedrons.  It  melts 
at  173°,  and  volatilizes  without  decomposition.  If  silver 
nitrate  be  added  to  a  hot  ammoniacal  solution,  the  salt, 
C,03N,(C,HJ,Ag,  separates  out  in  needles  (Limpricht  and 
Habich). 

£thi/l  Ferrocyanide,  {G^^^{G^^^&^  -I-  12H,0.  When  an 
alcoholic  solution  of  ferrocyanic  acid  is  saturated  with  hydro- 
chloric acid,  the  compound.  (CjHs)g(C,N^4Fe,  -|-  4CjHsCl  -f- 
12H,0  is  formed.  This  is  deposited  in  colourless  crystals  which 
rapidly  become  blue  on  exposure  to  air.  If  these  be  dissolved 
in  alcohol,  and  ether  added,  ethyl  ferrocyanide  separates 
out  in  pearly  crystals  which  readily  turn  blue  on  exposure  to 
air.* 

Ethyl  Flatinocyanide,  (C,H5)jPt(CN)^  -|-  SH,  0,  is  obtained 
by  passing  hydrochloric  acid  into  a  concentrated  alcoholic  sola* 
tion  of  platinocyanic  acid  (Vol  I.,  p.  417).  It  crystallizes  in 
quadratic  pink  needles  which  easily  decompose  in  the  air  with 
formation  of  alcohol.  When  heated  on  a  water-bath  they 
become  lemon-yellow  with  formation  of  the  anhydrous  platino- 
cyanic acid :  * 

(CjHJ^CN),  -I-  2  H,0  =  H,Pt(CN)4  +  2  C,H,.0H: 

'  Limpricht  and  Htbich,  l«e.  eU. 

*  H.  L.  Bolt,  Ann.  Chem.  Pham,  icl.  2SS. 

*  T.  Thun,  Atn.  Cham.  Fharm.  cviL  SIS. 
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Sikyl  Cyaitamide,  N(C,HJCNH,  ia  formed  by  passing 
cyanogen  chloride  into  an  ethereal  solution  of  ethylamine 
when  a  neutral  syrupy  liquid  is  obtuned  which,  when  dissolved 
in  water  and  evaporated,  and  these  operations  frequently  re- 
peated, is  converted  into  the  polymeride,  triethyl  cyanuramide, 
NjH,(C,HJj(CN)y  This  has  an  alkaline  reaction  and 
crystallizes  in  needles.  When  heated  with  hydrochloric  acid 
it  is  converted  into  Methyl  isocyanurate.  Both  these 
amides  decompose  when  heated,  solid  ethyl  dicyanamide, 
(NC)jN'j(C,^Hj,  being  left  behind,  and  diethyleyanamide, 
(NO)N'(0,Hj)g,  distilling  over,*  This  latter  is  also  formed  when 
ethyl  iodide  ia  heated  with  silver  cyanamide  (Vol.  L,  p.  676). 
It  is  a  liquid,  boiling  at  186°,  and  decomposing  when  heated 
with  strong  hydrochloric  acid  as  follows : ' 

fCN  fH 

N-^  C,H,  +  2H,0  =  N-J  CgHj  +  NH,  +  CO, 
(C,Hj  (C^5 

36g  Sthyl  Thiocyanate,  NC^CjH,.  Cahonrs  '  first  obtained 
this  compound  by  distilling  a  concentrated  solution  of  potas- 
sium thiocyanate  with  potassium  ethyl  sulphate,  and  Ltiwig' 
prepared  it  by  the  action  of  ethyl  chloride  on  potassium 
thiocyanate.  It  is  also  easily  formed  by  heating  ethyl  iodide 
together  with  many  metallic  thiocyanates,  of  which  the  mercury 
salt  is  however  not  one.'  In  order  to  prepare  it,  an  alcoholic 
solution  of  potassium  thiocyanate  is  heated  with  ethyl  iodide. 
The  compound  is  separated  out  by  the  addition  of  water,  and 
washed  with  a  concentrated  solution  of  common  salt,  as  its 
specific  gravity  is  very  nearly  equal  to  that  of  water.  It  is  then 
dried  over  chloride  of  calcium.* 

It  is  a  mobile  liquid  possessing  a  penetrating  alliaceous  smell 
and  sweet  taste,  boiling  at  141* — 2°  when  the  barometer  is  at 
733*,^  and  having  at  0°  a  specific  gravity  of  1'033,  and  a 
vapour-density  of  3018  (Cahours),  Ethyl  thiocyanate  is 
oxidized  by  nitric  acid  with  formation  of  ethyl  eulpbonic 
acid,  and   on   boiling  with  an   alcoholic  solution  of  potassom 


■  ni«ti  and  Bchiff,  Ber.  Dtvitch.  Chem.  Ou.  x  427, 

*  Amt.  (Mm.  Pkyt.  [3},  xrtfL  264.  *  Pi?gs.  -Ann.  lirU.  101. 


■  8eUudanli«nff«Q,  Jmt.  Chita.  Fhy.  [S],  M.  2S7. 
'  Bradnmont,  "■"   "  -  ""-  *  "  " —   " 


mt,  £WL  Sot.  CKJm.  *  V.  Mayor,  IMt^iAroi.   olixi  47. 
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Bulphide  it  ia  converted  into  potassiuin  thiocyanate  and  mer- 
captao.  Caustic  potash  converts  it  into  potas^um  cyanide, 
potassium  cyaaate  and  ethyl  disulpbido.^ 

The  latter  reaction  ia  lepresented  aa  foIloTs : 

2  NC-SCjH,  +  2  KOH  =.  {  g^*g«  +  NCK  +  NOOK  +  H,0. 

370  Ethyl  Thwcarbimide,  or  Ethyl  Mvaiard  Oil,  CS-lTC^j. 
An  alcoholic  solution  of  etbylamine  becomes  wairra  on  addition 
of  sulphide  of  carbon,  and  fine  six-sided  tables  separate  out  from 
the  neutral  solution  consisting  of  dhylammonium  ethylthioear- 

batnate,  CS  ]  qw/pV^TT  ^^^°  acted  upon  by  caustic  soda  it 
yields,  with  evolution  of  ^thylamine,  the  sodium  salt  of  ethyl 
thiocarbamic  acid.  This  latter,  on  addition  of  hydrochloric  acid, 
separates  out  as  a  clear  light  oil,  solidifying  after  some  time  to  a 
saponaceous  crystalline  mass,  whilstifa  larger  quantity  of  hydro- 
chloric acid  be  added  it  dissolves,  carbon  disulphide  and  ethyl- 
amine  hydrochloride  being  formed.  If  the  ethyl-ammonium  salt 
above  mentioned  be  heated  under  pressure  to  110° — 120°,  sul- 
phuretted hydrogen  is  evolved,  and  diethylthio-urea  is  formed 
(see  p.  422),  which,  when  heated  with  phosphorus  pentozide 
yields  ethyl  tbiocarbimide  :  • 

S-°<N(^;)H     =      S.C=N.CA  +  N(C^JH, 

This  compound  is  more  easily  obtained  by  boiling  the  ethyl- 
ammonium  salt  of  ethyl  thiocarbamic  acid  and  water  with  silver 
nitrate,  mercuric  chloride,  or  cupric  chloride.  The  corresponding 
metallic  salts  of  the  thiocarbamic  acid  are  first  formed,  and  these 
decompose  with  production  of  a  metallic  sulphide,  suphuretted 
hydrogen,  and  ethyl  mustard  oil*  Instead  of  the  metallio  salta 
an  alcoholic  iodine  solution  may  be  employed  : 

^®  {  SN(^Jh.  -^^'^  CS.NC^.  +  HI  +  S  +  N(C^^H;f. 

As  soon  as  the  colour  of  the  iodine  has  disappeared,  the  liquid 
ia  distilled  and  the  tbiocarbimide  precipitated  from  the  distillate 
by  water.* 

>  Bnliiiiig,  Ann.  CAon.  Pkami.  dr.  IBB. 
*  Hofniun,  Ser.  Dtvtkh.  Cken.  Oa.  i.  25. 
■  iter.  Ihvttth.  Oum.  Qet.i.\i9. 
<  A  ii.  462. 
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Ethyl  mustard-oil  is  also  formed  when  ethylamiDo  is  heated 
with  thiocarbony]  chloride,  CSCI^^ 

Ethyl  thiocarlnmide  is  a  mobilu  liquid  boiling  at  134°  and 
possessing  a  veiy  irritating  smell,  and  when  dropped  on  the 
skin  producing  a  buntiog  sensation.  The  specific  graTity  of 
its  vapour  is  2-98. 

Heated  vith  absolute  alcohol  to  110°  numothioelhylurethane 
is  formed : 

CS.NC^,    +     HO.C,H,    =     CS|J^^>^^ 

This  13  a  liquid  possessing  an  alliaceous  smell,  boiling  at 
204' — 208",  and  decomposed  by  dilute  acids  with  fortnation  of 
alcohol,  ethyhtmin^  carbon  dioxide,  and  sulphuretted  hydrogen. 
A  compound  isomeric  with  this  is  obtained  when  mercaptan 
is  heated  with  ethyl  isocyanate.  It  smells  like  the  foregoing 
compound,  boils  at  the  same  temperature,  but  is  decomposed  by 
dilute  acids,  as  might  be  expected  from  its  mode  of  formaUon, 
into  mercaptan,  carbon  dioxide,  and  ethylamine.  Its  ixinstitution 

is,  therefore,  CO  {  gc^"^^ 

When  mercaptan  is  heated  bother  with  ethyl  mustard  oil  a 
combinatioD  takes  place,  and  a  body  is  obtained  resembling  the 
forgoing.  This  cannot,  however,  be  obtained  in  the  pure  state, 
as  on  distillation  it  decomposes  into  its  constituents.     This  body 

is  doubtless  dithioetkylurethane,  CS  {  sc^*^^' 


ETHYLATED   UREAS. 

371  Ethyl  C(ir6om.t(i«,  CO.N,Hg(C^j),  is  formed  by  the  action 
of  cyanic  acid  on  ethylamine,  and  also  by  acting  upon  ammonia 
with  ethyl  carbimide : 

CO.NC,Hj  +  NH,  =  CO  I NH '^*^^ 

Id  order  to  prepare  this  body  a  solution  of  ethylamine  sul- 
phate is  boiled  down  to  dryness  with  potassium  cyanide,  and 
the  re^due  treated  with  alcohol.  Ethyl  urea  crystallizes  in 
striated  monoclinic  prisms,  easily  soluble  in  water  and  alcohol, 
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melting  at  92°,  and  decomposing  at  a  higher  temperature  with 
fonnatioD  of  diethyl  cyanurio  acid  (p.  416).  When  be&ted  with 
caustic  potash,  potasuum  carbonate,  ammonia,  and  etbylamine 
are  formed.^  It  absorbs  hydiocblorio  acid  gaa  with  fonnatim  of 
tbe  salt  C0.N,H^(C,HJC1.  The  corresponding  nitrate  crystal- 
lizes in  short  thick  prisms  and,  like  the  oxalate,  it  is  slightly 
Bolable  in  water.  The  hot  aqueous  solution  of  the  area 
dissolves  freshly  precipitated  mercuric  oxide,  and  on  beating 
this  solution,   small  needles    separate  out    of   tbe  compound 

>  -^TT  fHg  ,  which  is  almost  insoluble  in  cold  water.* 
*^°{n(C,H,)H. 

a-Diethyl  Carbamide,  CO(NH.C,Hg),,  is  formed  by  the 
decomposition  of  ethyl  isocyanate  by  water,  as  well  aa  by  the 
union  of  this  substance  with  ethylamine.  It  crystallizes  firom 
water  in  flat  prisma,  and  from  alcohol  in  silky  needles.  It  melts 
at  I12°'5  and  boils  at  263*.  Heated  with  caustic  potaeb  it 
decomposes  with  formation  of  ethylamine,  and  combines  with 
nitric  acid  to  form  a  deliquescent  nitrate  (Wurtz). 

^-Diethyl  Carbamide,  CO  <  jj/fl'H  \  •  ^'  formed  by  the  com- 
bination of  diethylamine  and  cyanic  acid.  The  only  reaction 
of  this  substance  with  which  we  are  acquainted  is  that  when 
heated  with  caustic  potash  it  yields  potassium  carbonate, 
diethylamine,  and  ammonia. 

TrieOiyl  Carbamide,  CO  |  ^Jq*^    ,  is  obtained  by  dropping 

etbyl  isocyanate  into  diethylamine.  It  forms  white  crystals,  is 
soluble  in  water,  alcohol,  and  ether,  melts  at  63°,  and  boils  at 
223°.  It  decomposes  with  alkalis  with  formation  of  ethylamine 
and  diethylamine.* 

Tetraetkyl  Carbamide,  00 1  njC*H*)''  "  °°*'  P"^""®^  ^3  ^^ 
action  of  ethyl  isocyanate  upon  triethylamine  (Hofmann),*  but  is 
formed  by  passing  carbonyl  chloride  mixed  with  double  or 
treble  its  volume  of  petroleum-spirit  into  dilute  diethylamine. 
It  is  a  pleasantly-smeUing  liquid,  boiling  at  205°,  dissolving  in 
acids,  and  again  separating  out  on  the  addition  of  alkalis.* 

'  WnHi,  Compt.  Jttnd.  mii.  41*  :  lUp.  CWm,  Pure,  ir.  189. 

*  ljtaakiit,Ji>ur*.Prakl.Clum.lS],iii.\.    •  Wurtz,  A^  CWm.  Pura.  iv.  I9S. 

*  Hofmuin,  Fha.  Traiu.  ISBI,  ii.  S70. 

*  Miehlar,  Str.  OeuUA.  Cltem.  Ou.  vliL  1664. 
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ETHYL   SEMICARBAZXDES. 

373  The  name  azide  has  been  given  by  FiBcher  to  compounds 
formed  by  the  replacement  of  the  hydrogen  in  the  hydraane 
group  by  acid  radicals.  The  corresponding  ureaa  miist,  there- 
fore, be  termed  carbazides,  and  if  these  contain  only  one  amido- 
group  they  are  called  semicarbazidea.' 

£lkyl  Semicarhande,  or  Etkylhydraaine  JJrea,  CjH^.NH  — 
NH.CO.KHf  In  order  to  prepare  this  compound,  an  equivalent 
quantity  of  pure  potassium  cyanate  is  heated  to  boiling  with 
ethyl  hydrazine  hydrochloride  in  concentrated  aqueous  eolution. 
On  cooling,  the  area,  which  is  eadly  soluble  in  water,  separates 
out  on  careful  addition  of  solid  caustic  potash.  The  crystallized 
mass  is  dissolved  in  chloroform,  the  solution  concentrated  and 
ether  added,  irhen  the  compound  is  deposited  in  thin  glistening, 
tableta  melting  at  105°— 106°.' 

a-Diethyt  Sffuiicai-bazide,  CsHj.N(NH)j.CO.N(C,Hs)H.  For 
the  preparation  of  this  compound,  nitrosodiethyl-urea  is  employed. 
This  latter  body  was  discovered  by  t.  Zotta,'  but  its  constitution 
Tas  first  recognised  by  E,  Fischer.^  It  is  obtained  by  passing  an 
excess  of  nitrogen  trioxide  into  an  ethereal  solution  of  diethyl- 
urea.  It  is  a  yellow  oil  insoluble  in  water,  from  which  solution 
transparent  tablets  separate  at  a  low  temperature.  It  possesses 
a  bumiag  taste  and  decomposes  suddenly  on  heating.  When 
brought  in  contact  with  phenol  and  sulphuric  acid  it  colours  the 
liquid  first  brown,  then  green,  and  finally  a  bright  blue.'  By  the 
action  of  acetic  acid  and  zinc-duBt  it  is  converted  into  diethyl- 
hydrazine  urea,  an  oily  liquid  which  is  easily  soluble  in  water 
and  alcohol,  and  can  with  difficulty  be  obtained  crystallized. 
Ita  hydrochloride  crystallizes  in  needles,  and  forms  a  difficultly 
Eolnble  platinichloride.  When  this  urea  ts  boiled  with  con- 
centrated hydrochloric  acid  it  at  once  decomposes  into  carbon 
dioxide,  ethylamine,  and  ethylhydrazine  (p.  410). 

^-Diethyl  Semdcajiazide,  {CjHJ^N  -  NH.  -  CO.NH^  This 
urea  forms  the  point  of  departure,  as  has  already  been  stated,  for 

*  Ser.  Diit$ek.  Cltem,  Ga.  ix.  SSS. 

■  Fitcher  tad  TnMchka,  laebif^i  Ann.  oxcii.  2B1. 

*  jlim.  Chait.  Fharm.  clxxix,  101.  *  Jh.  ddx.  3SS. 

*  Thu  noction  depends  upon  the  libentioii  of  nitroni  add.  It  wm  diieovered 
Inr  LiBbarmun  (Ber.  £>att»eh.  Chem.  Ota.  viL  217,  lOSS),  ud  ootnin  in  the  eats 
M  iliiNat  mil  tutroM-componitdi. 
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pure  diethylhydrazine  (p.  411).  In  order  to  prepare  it  a  mixture 
of  the  hydrochl<Hi(ie8  of  diethjlamiae  and  diethylhydrazitie  is 
heated  to  boiling  with  pure  potaaaiiun  cyanate.  On  cooling,  the 
carbaside  separates  out,  and  ma;  be  purified  by  recrystalliza- 
tioD  from  alcohol  and  water.  It  aeparatea  from  hot  water  in  com- 
pact crystalB,  and  from  alcohol  in  long  white  |Hisms  which  melt 
at  149°.  When  dissolved  in  dilute  sulphuric  tad  and  the 
calculated  quantity  of  sodium  nitrite  added  to  the  well-«ooted 
solution,  yellow  crystalline  scales  of  an  exceedingly  unstable 
nitroso-cotnpound  separate  out  These  decompose,  by  the  action 
of  caustic  potash,  into  nitrogen  monoxide,  carbon  dioxide,  diethyl- 
amine  and  ammonia : 

:  NO :     ; 


ETHYLATED  THIO-UREAS.^ 

373  Ethyl  T%u)ea7bamide,  CS  |  vTP'a  \^,  •»  obtained  hy  the 
action  of  alcoholic  ammonia  on  ethyl  mustard-oil.  It  ciystolHzea 
from  hot  water  in  fine  needles,  which  are  tolerably  soluble  in 
water  and  melt  at  106°.  If  their  solution  be  Seated  with 
mercuric  oxide,  etbyl  c^anamide  (p.  416)  is  formed : 

S=C<5^,HJH  +  =80  -  0^(c_HOH  +  H,0  +  HgS. 

Ditthyl  ThiocaTiamide,  CS  |  ^hS^'I      The  formation  of 

this  body  from  ethylamine  and  carbon  disulphtde  has  already 
been  described.  It  is  also  formed  by  the  combination  of  ethyU 
amine  with  ethyl  mustard-oil : 

S-C.N.C,H,     +     N(C^,)H,    -    S.O<^<g>g^|^ 

It  occurs  in  cr3'stals  which  melt  at  TT,  and  when  their  aqueous 
Bdution   is  boiled  with  freshly    precipitated    mercnric    oxide 

>  Bofmatui,  Ber.  Xkuttch.  Chejn.  Oa.  I  2S  ;  0.  Ml. 
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diethyl  carbamide  (p.  420)  is  fonned.     If,  however,  ethyl 
be  present  at  the  same  time  triethyl  guanidvne  is  fonned ; 

Dict)i;1thiocu'lNuni(l«.      Ethyhiniiw. 

S  -  0<S(C;h  JH  +  °ANH,  +  HgO    - 
TriethrlgouiIdiiM. 

C,H,N=0<g<g^|  +  HgS  +  H,0. 

This  latter  compound  is  also  formed  by  the  action  c^  sodium 
othytate  on  ethyl  iaocyanurato,^  and  by  heating  cMor|Mcrin  with 
ethylamine.  It  is  very  soluble  in  water.  Its  soluUoa  is 
caasttc  and  alkaline,  and  it  solidifies  gradually  on  exposure  to 
air  by  absorption  of  carbon  dioxide.  At  a  high  temperature 
it  distils,  and  partially  decomposes  with  formation  of  ethylamine 
and  a-dietbyl  carbamide.  Hence  it  contains  one  molecule  of 
water  in  rery  pendstent  combinatioa,  and,  therefore,  as  it  is  a 
monadd  base  it  is  probably  an  ammo.nium  hydroxide. 


NITROCOMPOUNDS  OF  ETHYL. 

274  NUroethane,  C^jNOj,  was  discoTered  by  V.  Meyer,  and 
Stilber,'  who  obtained  it  by  the  action  o£  ethyl  iodide  on  stiver 
nitrite,  when  u^ether  with  this  nitro-compound  about  the  some 
quantity  of  isomeric  ethyl  nitrite  is  produced.  In  order  to 
prepare  it  on  the  large  scale  the  following  process  may  be 
adopted :  2090  grams  of  dry  silver  nitrite  are  brought  into  a 
large  flask  connected  with  a  reversed  condenser,  and  to  this 
1700  grams  of  ethyl  iodide  are  gradually  added  by  means  of 
a  stoppered  funnel,  so  that  the  liquid  boils  quickly  but  not  too 
violently.  As  soon  as  all  the  ethyl  iodide  is  added,  the  liquid 
is  heated  for  some  time  on  the  water-bath,  and  then  the 
condenser  is  turned  round  and  the  liquid  distilled  in  the  water- 
bath  as  long  as  any  liquid  comes  over.  It  is  next  heated  in 
an  oil-bath,  and  the  distillate  collected  separately.  The  residiie 
in  the  flask,  which  consists  of  silver  iodide  and  silver  nitrite, 
is  then  finely  powdered,  and,  on  to  this  residue,  the  distillate 
which  came  over  at  100'  is  poured,  and  the  whole  again  digested 
in  the  manner  described,  when  a  further  quantity  of  nitro- 
ethstne  is  obtained.    This  is  now  added  to  the  first  portion. 
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and,  in  order  to  remore  any  ethyl  iodide  irhicli  may  be  pnseiit 
it  is  digested  with  an  inverted  condenser  with  10  gnuni  of  silver 
nitrite,  the  whole  being  heated  to  boiling.  The  prodact  is  then 
purified  by  &actionaI  distillation,  when  about  310  grams  of 
nitroethane  are  obtained. 

Nitroethane  is  a  colourless  Btrongly-re&acting  liquid  having 
a  pleasant  peculiar  ethereal  smell.  It  boils  at  113° — 114'  under 
a  pressure  of  737  mm.  and  has  a  specific  gravity  at  13*  of 
1*0582,  that  of  its  vapour  being  2557.  When  ignited  it  bums 
with  a  pale  flame.  Its  vapour  cannot  be  heated  above  the 
boiling  point  without  exploding. 

In  contact  with  nascent  hydrogen  it  is  converted  into 
ethylamine.  This  latter  compound  can  be  obtained  in  a 
perfectly  pure  state  by  digesting  nitroethane  in  a  flask  with, 
an  excess  of  iron  filings,  Biid  then  adding  acetic  acid  and  a  few 
drops  of  water,  the  whole  being  warmed  until  a  reaction  takea 
place,  after  which  the  flask  is  placed  in  cold  water  and  the 
reaction  is  so  regulated  that  the  liquid  does  not  boiL  The 
liquid  is  then  distilled  with  caustic  potash,  and  a  huge  yield  of 
the  base  is  thus  obtained.  If  nitroethane  be  em^yed  which 
conttuns  a  small  quantity  of  ethyl  nitrite,  some  anunonia  is 
formed  at  tbe  same  time,  and  this  can  readily  be  removed  by 
collecting  the  distillate  in  hydrochloric  acid,  evaporating  over 
Bulphtiric  acid,  crystallizipg,  and  treating  with  alcohol,  when  the 
insoluble  sal-ammoniae  remains  behind.  If  nitroethane  be 
heated  with  hydrochloric  acid  of  specific  gravity  1-14  it  is  coo- 
verted  into  hydroxylamine  and  acetic  acid : 

{c^NO.     +     H.0      -     N(OH)H,     +     {^g^ 
That  nitroethane  acts  as  a  weak  acid  might  be  expected  fnnn 
the  fact  that  it  contains  the  nitro-group  (see  p.  188). 

Sodium-mtroethane,  C^^NaNO^  is  obtained  by  acting  on 
sodium  with  nitroethane  diluted  with  benzene,  or  on  nitroethane 
alone  with  alcoholic  soda,  when  a  white  solid  mass  is  obtained. 
This  may  be  washed  with  absolute  alcohol  and  dried  on  a 
water-b^h.  This  compouitd  is  so  slightly  soluUe  in  alcohol  that 
very  small  quantities  of  nitroethane  produce  a  precifatate  with 
alcoholic  solution  of  soda,  whereby  it  may  be  readily  detected. 
Alooholla  potash  or  ammonia  however  do  not  give  any  precipitate 
Sodium  nitroethane  is  a  white  light  amorphous  powder,  which 
on  heating  in  the  open  air  bums  o£F  like  gun-cotton,  but  when 
heated  in  a  narrow   test-tube    detonates    loudly.     If .  kept 
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for  a  length  of  time  it  becomes  brown,  and  it  deliquesces 
quickly  on  ezposare  to  air.  The  aqueous  solution  gives  a 
blood-red  colour  with  ferric  chloride,  and  a  deep  green  coloor 
with  snlpbate  of  copper.  Silver  nitrate  gives  a  white  pre- 
cifutate  which  toon,  becomes  brown  and  afterwards  black  £n>m 
separation  of  metallic  silver,  llercnrous  nitrate  gives  a  dirty 
green  precipitate,  whilst  mercuric  chloride  added  to  the  con- 
centrated solution  of  the  sodium  compound  yields,  after  standing 
for  a  few  moments,  a  crystalline  mass  consisting  of  a  very  stable 
compound  having  the  composition  ClHgOtH^NOj,  the  constitotim 
of  which  ia  reivesented  by  one  of  the  following  formulse : 

It  is  soluble  in  water  with  difficulty,  and  acids  separate  nitro- 
ethane  from  Ite  solution. 

975  ^onoiromnitroethane,  0,H^BrNOf  When  nitroethane  is 
dissolved  in  an  equivalent  quantity  of  caustic  soda  or  potash,  and 
bromine  added  drop  by  drop,  the  colour  of  this  substance  dis- 
appeare,  and,  on  cooling  with  water,  the  addition  of  bromine  may 
be  continued  until  the  liquid  appears  yellow,  when  a  heavy  oil 
separates  ont.  This  is  a  mixture  of  nitroethaue,  monobrom- 
nitroethane  and  dibromnitroethane,  and  &om  this  the  pure 
monobromnitroethaue  can  be  obtained  only  with  difBculty. 
It  is,  however,  easily  prepared  by  adding  little  by  little  to  the 
calculated  quantity  of  bromine  a  solution  of  nitroethane  in 
caustic  potash.^  The  explanation  of  the  (act  that  when 
bromine  is  added  in  excess  at  the  commencement  of  the  opera- 
tion only  the  monolHX)m  compound  is  formed,  but  that  when 
it  is  added  little  by  little  the  dibromnitroethane  is  produced, 
may  be  readily  explained.  The  constitution  of  nitroethane  and  ito 
bromine  substitution-products  is  given  by  the  following  formuls : 
CH,  OH,  CH, 

CHjNO,  CHBrNO,  CBr^O^ 

and  from  these  it  is  easy  to  understand  why  bromnitroethane 
is  a  stronger  acid  than  nitroethane,  whilst  dibromnitroethane 
possesses  no  acid  properties  (p.  426).  The  following  equation 
represents  the  change  which  occurs  when  bromine  is  added  to 
potasuum  nitroethane : 

0^,KNO,  +  Br,  -  C,H,BrNOj  +  KBr. 
1  Tiohtnuik,  XMiifi  Ami.  cIxh.  120. 
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Tbe  bromDitroethane,  however,  at  once  decomposes  a  corre- 
sponding  quantity  of  the  potaaaium  salt,  and  nitroethane  is 
liberated,  upon  which  the  bromiae  does  not  act,  whilst  the 
potasuum  compoimd  of  the  bronuutroethane  produced  is  acted 
upon  by  brotnine.^  According  to  this  explanation  only  nitro- 
ethaue  and  dibromnitroethane  should  be  formed.  The  occur- 
rence of  the  monobrom-compound  is  accounted  for  by  the 
finct  that  the  potassium  Ditroethane  is  more  slowly  attacked  by 
the  brom-compound  than  the  potassium  salt  is  by  bromine 
itaelC  The  decomposition  takes  ]dace  more  slowly,  and  a 
certain  excess  of  the  monobrom-compound  must  be  present, 
so  that  the  quantity  of  the  dibrom-compound  obtained  depends 
entirely  upon  the  length  of  time  during  which  the  reaction 
{ffoceeds.  If  this  time  be  reduced  to  a  minimum,  a  pro- 
duct is  obtained  which  boils  at  140° — 149",  from  which  the 
pure  compound  boiling  at  146° — 147"  may  be  easily  obtained 
by  fractional  distillation.  It  is  a  very  heavy  oily  liquid 
havtug  an  extremely  penetrating  smell,  is  easily  soluble  in 
alkalis,  and  yields  a  crystalline  compound  with  caustic  aoda, 
whilst  with  alcoholic  ammonia  it  unites  to  form  a  mass  of 
glistening  crystalline  scales.  These  salts  cannot,  however,  be 
obtained  in.  the  pure  state,  as  they  decompose  easily  with 
formatioD  of  a  bromide. 

DibrtjmuitToOhane,  OjE^r^NO^  In  order  to  obtain  this 
compound  tike  requisite  quantity  of  bromine  is  added  to  nitro- 
ethane,  and  a  small  qoautity  of  water  poured  on  to  the  top  of 
the  liquid,  and  to  this  mixture  {which  must  be  cooled  down  and 
shaken)  dilute  caustic  potash  is  added  until  decolorization 
ensues.  The  dibromnitroethane  which  then  separates  out  is 
removed,  and  bFomine  sgun  added  to  tbe  aqueous  solution  until 
it  becomes  yellow-coloured,  when  a  further  quantity  of  the 
dibrom>compound  is  obtuned.  The  raw  product  is  decolorised 
by  shaking  with  caustic  potafifa  and  adding  it  to  that  obtained, 
mixed  with  vaA&,  dried  over  chloride  of  calcium  and  distilled.* 

This  sabstance  is  a  colourless  molnle  liquid,  having  a  very 
penetrating  odour,  and  boiling  at  163*. 

376  Dmitroethane,  C,H^(NOj)f  To  prepaie  this  com- 
pound, bromnitroetbtae  is  dissolved  in  twice  its  volume  of 
alcohol,  and  the  liquid  shaken  up  with  a  solution  of  potassium 
nitrite  dissolved  in  Its  own  weight  of  water.     Alct^olic  causUc 

>  Hever  and  T>cli«mi>k,  UM^m  Ann,  elzxz.  114. 
■  T.  He7«r,  LiAi^tAvm.  elzx*.  188. 
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potash  IB  then  added,  the  liquid  being  cooled,  and  a  mixture  of 
potassium  bromide  and  the  potassium  salt  of  dinitroethane 
separates  oat,  as  is  seea  by  the  following  equation : 

CH,  +  KOH  +  KNO,    -    CHj  +  KBr  +  H,0. 
OHBrNO,  CK(NO^, 

The  cr^talline  mass  is  washed  oat  with  ether,  and  then  the 
dinitroethane  separated  by  means  of  dilute  sulphuric  add. 

It  is  a  colourless  strongly-refracting  liquid,  having  &  faint 
alcohol-like  smell,  uid  a  peculiar  sweetish  taste,  boiling  at 
186° — 186°,  and  having  a  specific  gravity  of  1-3503  at  SS'-fi. 
It  is  somewhat  soluble  in  water,  and  is  a  tolerably  strong  acid 
which  decomposes  carbonates,  although  not  very  easily.  It  is 
converted  into  hydroxylamine,  ammonia  and  acetic  acid,  by 
the  addition  of  tin  and  hydrochloric  acid,  uid  the  product  also 
contains  some  aldehyde.  This  decompositioa  is  represented  by 
the  following  equations : 


CH,  _       CH, 

CH(NOJ, 

CHj      ^ CH, 

3.0H 


I  +*H,-1       +2N(0H)H,  +  H,0. 

CH(NOJ,  CHO 


J       +  N(OH)H,  -  J  +  NH» 

CHO  do.c" 


DinitroeUiane  forms  well  crystallized  salts.  The  potassiam 
compound,  C^,E(NO,),,  is  obtained  by  adding  alcoholic  potash 
to  a  solution  of  dinitroethane  in  tJcohoL  It  forms  pure 
yellow,  brightly  glistening  crystals,  which  become  opaque  and 
red  on  exposure  to  air,  bat  regain  their  colourless  appearance 
when  agiun  placed  in  the  dark.  On  quickly  cooling  the  hot 
aqneous  solution,  the  compound  separates  out  in  the  form  of 
tables  or  long  needles,  and  by  evaporation,  or  by  slow  cooling, 
it  is  obtained  in  fine  monocUnic  prisms.  It  explodes  very 
violently  by  a  slight  blow,  or  even  at  the  touch  of  a  warm 
object,  with  formation  of  red  vapours. 

The  yellow  salts  which  dinitroethane  forms  with  sodium, 
ammonium,  barium  and  calcium,  are  also  soluble  in  water  and 
crystallize  welL  The  silver  salt,  C,H,Ag(NO,)„  ia  a  fine 
yellow  crystalline  precipitate,  which  is  deposited  from  warm 


)vGooi^lc 


42a  THE  ETHTL  GROUP. 

solution  in  bright  metaUio-gliBtening  scales,  and  is  as  ezploave 
as  the  potaasium  compound.^ 

BnmdinitroUkaiu,  0,H^r{NO,)y  is  fonned  when  an 
aqueous  solution  of  potassium  dtnitroethane  is  shaken  with 
tiie  calculated  quantity  of  bromine  water.  It  is  a  colourless 
heavy  oil  having  an  extremely  pungent  smell.  It  is  volatile 
in  presence  of  aqueous  vapour,  but  when  it  is  heated  alone  it 
decomposes  suddenly  with  formation  of  bromine  vapoura.  It 
is  decomposed  by  caustic  potash  as  follows  (ter  Ueer) : 

C;a;Br(NO,),  +  2  KOH  -  C,H,KCNO,),  +  KBr  ^-  H,0  +  O. 

277  ^*^y^  NUrolic  Acid,  CsH,(NO^NOH.  This  compound, 
discovered  by  Victor  Meyer,*  is  easily  formed  when  an  alkaline 
solution  <^  nitroethane  is  mixed  with  potassium  nitrite  and 
thffli  acidified  with  dilute  sulphuric  acid : 


H,0. 


It  also  occurs  when  an  aqueous  solution  of  hydroxyl&mine  is 
well  shaken  with  dihromnitroethaue  dissolved  in  alcohol  for 
the  purpose  of  fine  division : 


CH, 

CH. 

iH. 

+ 

ON.OH 

.       CN.OH 

SO, 

L. 

CH,  CH, 

CBr,      +       N(OH)H,       -      CNOH      +       2HBr. 

NO,  NO, 

la  order  to  prepare  it,  nitroethane  is  dissolved  in  the  requi- 
site quantity  of  weak  caustic  soda,  aa  excess  of  potassium 
nitrite  added,  and  the  whole  acidified,  so  that  nitrous  fumes 
are  evolved.  Alkali  ia  theu  added  in  excess,  the  reddish- 
brown  solution  again  acidified,  and  this  process  repeated  three 
or  four  times.'  The  liquid  is  then  shaken  up  several  times 
with  etiter,  which  dissolves  the  nitrolic  acid,  and  this  separates 
out  in  crystals  on  evaporating  the  ethereal  solution.  A  nn^e 
crystallization  from  water  suffices  to  yield  it  chemically  pure. 
It  crystallizes  in  splendid  pale-yellow  transparent  rhombic  prisma 
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bm,vhig  a  bright  lustre  and  a  slight  bluish  flaoresceuce  and  r&- 
BembUng  ia  general  appeaiance  crystals  of  saltpetre.  This  body 
baa  an  intensely  sweet  taste.  It  is  so  much  more  soluble  in  hot 
than  in  cold  water  that  if  a  solution  be  saturated  by  the  warmth 
of  the  band,  crystals  at  once  form  when  the  hana  is  removed. 
Nitrolic  acid  d^solves  in  solutions  of  the  alkalis  and  alkaline 
earths  with  an  intense  red  colour.  The  salts  which  are  tJins 
formed  are,  however,  extremely  readily  decomposed,  and  have 
not  been  obtauied  in  the  pure  state.  Their  solutions  yield, 
with  various  metallic  salts,  coloured  precipitates,  which  are  also 
very  unstable.  Nitrolic  acid  graduaUy  decomposes  on  keeping, 
leaving  acetic  acid  containing  the  oxides  of  nitrogen,  and  when 
heated  it  begins  to  melt  at  81°  and  decomposes  quickly,  often 
with  exptouve  violence,  according  to  the  equation ; 

2  C,H.N,0,  =  2  C^^O,  +  NO,  +  N. 

If  it  be  heated  with  water,  or  better  with  dilute  sulphuric  acid, 
nitrogen  monoxide  is  obtained,  t<^[ether  with  acetic  acid,  and  the 
same  reaction  takes  place  with  concentrated  sulphuric  add  in 
the  cold.  In  this  way  two  saccessive  reactions  take  pkice.  At 
first  acetic  add,  hydrozylamine,  and  nitrous  add  are  formed : 

CH,  CH, 

C=NOH  +  2  H,0      .=       0=0  +  NCOH)H,  +  NO^ 


ifO, 


,Jh 


and  the  latter  two  compounds  mutually  decompose  as  follows ; 
NOH,  +  NO^  =^  2H,0  +  N,0. 

Sodinm  amalgam  and  water  also  give  rise  to  acetic  add  and 
nitrous  add,  together  with  ammonia  formed  by  the  leductioD 
of  the  hydrozylunine.  It  is  clear  that  hydroxylamioe  is  pro- 
duced in  this  decompodtion,  because  if  zino  and  dilute  byibt^ 
chloric  acid  be  em^oyed  for  the  redaction,  only  acetic  add 
and  hydroxylamine  are  obtained  :  ^ 
CH,  CH, 

C=ir.OH    +H,0  +  SH,       =       0=0  +  8  H,N.OH. 
NO,  OH 

*  U.7OT  ud  Loclin,  LiMft*  J^»-  clzxz.  170. 
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978  DinUro^Ja/Uc  Acid,^  (C,H^N,0|H.  Nitric  oxide  is  v&rj 
slowly  absorbed  hy  sine  etbyl.  The  reaction  may,  bowerer,  be 
accelerated  t^  working  under  preaaura  The  first  prodoct  of  this 
reaction  is  ethyl  zinc  dinitroethylate,  NjOj  j  zip'ij  'which 
may  be  obtained  when  an  ethereal  solution  ia  employed,  in 
large  colourless  transparent  rhombohedral  crystals  which  oxidize 
ia  tbe  ur,  and  are  decomposed  by  water  with  evolntion  of  gaa, 
as  follows : 


louows : 
?  A I  ^^'jj  +  2H,0  =  2C A  +  N,0,{C,HO.  Zn  +  Zn(OH)r 


2N, 


Zinc  hydroxide  is,  however,  not  precipitated,  but  a  basic  salt  is 
formed  which  yields  an  opalescent  solution  havii^  a  strong 
alkaline  reaction  and  a  peculiar  bitter  taste.  When  car- 
bon dioxide  is  passed  into  the  liquid  the  normal  zinc  salt, 
2N^0«(C,Hg)jZii  +  HjO,  is  formed,  crystaUiang  in  thick 
rhombic  prisms  (Zuckschwerdt).  If  this  be  decomposed  with 
dilute  sulphuric  acid,  and  the  liquid  distilled  under  diminished 
pressure,  a  solution  of  the  firee  acid  is  obtained,  possessing 
an  acid  reaction  and  a  pui^nt  taste.  It  is  an  extremely 
anstable  compound,  decomposing  even  at  the  ordinary  tem- 
perature with  eyoIutioQ  of  nitrogen,  of  the  monoxide  and 
dioxide  of  nitrogen,  and  of  ethylene. 

The  sodium  salt  is  ea^ly  prepared  by  passing  nitric  oxide  into 
sodium  zinc  ethyl,  Na  Zn  (CjHJ^* 

A  series  of  other  salts  have  been  prepared  from  the  one  salt, 
of  which  those  of  the  alkalis  and  alkaline  earths  defli^rate  like 
gunpowder  when  heated  below  a  red-heat,  and  the  zinc  salt 
when  quickly  warmed  to  300'  bums  with  a  fine  blubh-green 
flame.  The  copper  salt,  2N^0^(C,H^,Cu  +  H,0,  crystallizes 
from  a  fine  purple-coloured  solution  in  long  needle-shaped  four- 
sided  prisms  of  the  same  colour.  Nascent  hydrogen  couverts 
dinitroethylic  acid  into  ammonia  and  etbylamine ; ' 

N,0,(C,Ht)H  +  4  H,  =  NH,  +  C,Hb.NHj  +  2  HjO. 

EWa  this  it  appears  that  the  acid   contains  one   atom   of 


'  FranUuid,  FkC.  TranM.  ISCT,  p.  83, 

*  Franldand  and  C.  C.  OnhaEO,  Joum.  Chan.  Sue.  ISSO,  I.  678. 

*  ZncbcKwtnlt,  Aim.  Ct<M,  J%irm,  ctiziT.  SOi, 
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nitn^en  la  direct  oombituition  with  ethyl,  and  that  the  follow- 
ing formula  r^iresents  its  oooBtitution : 

C,Hj— N— N— OH. 

O 

Diatoeihoccane,  {C,HJjK,Oj,  is  prodaced  "by  the  action  of  ethyl 

iodide  on  silver  hyponitrite  (Vol.  I.  par.  237) ;  it  b  a  light,  colonr- 

less  liquid,  possessing  a  peculiar  ethereal  odonr.     Althongh  it  is 

almost  as  explosive  as  nitrogen  chloride,  it  was  found  possible 

to  detennine  its  vapour  density,  which  is  41.     Hydrogen  in  the 

nascent  state  converts  it  into  alcohol  and  nitrogen  gas.     Hence 

its  constitution  is  most  probably  expressed  by  the  fonntda : 

Cpi,  -0-N-N-O-  C,H,.i 

PHOSPHORUS  BASES  OP  ETHYL. 

379  .^Ay2  JAospAtTM,  F(C,Hg)Hy  This  compound,  discovered 
by  Hofmann,'  is  obtained  l^  a  method  analogous  to  that  employed 
for  the  preparation  of  the  corresponding  methyl  compounds 
(p.  229).  A  mixture  of  five  grama  of  zinc  oxide,  twenty  grams 
of  phosphonium  iodide,  and  twenty  grama  of  ethyl  iodide,  is 
heated  in  a  closed  glass  tube  of  about  50  cbc.  capacity  for  from 
six  to  eight  hours  to  150°,  It  is  best  first  to  brii:^  the  phoa- 
phooium  iodide  into  the  tube,  then  the  oxide  of  line,  and  lastly 
the  iodide  of  ethyl.  Mixed  in  this  way  the  bodies  do  not  attack 
one  another  in  the  cold ;  and  the  tube  may  be  easily  sealed  up. 
On  opening  the  tube,  after  the  operation  is  over,  a  disengage- 
ment of  gas  takes  place,  as  various  gaseous  bodies  are  formed 
in  the  reaction,  amongst  which  ethane  is  probably  contained, 
and  also  frequently  phoaphuretted  hydrogen.  The  chief  product 
of  this  reaction  is  ethyl  phosphonium  hydriodide,  which  forms  a 
doable  salt  with  the  &nc  iodide  also  formed : 

2  CjHjI  +  2  PH.I  +  ZnO  -  2  P(C^j)H,I  +  Znl,  +  H,6. 

This  reaction  is  accompanied  by  another  one,  in  which  diethyl 
phoephine  is  produced,  this  body  combining  directly  with  anc 
iodide: 

a  C^I  +  PHJ  +  ZnO  =  PCCjHO^I,  Znl,  ^-  H,0. 


;abyGoO<^lc 


4SS  THE  ETHTL  GBOUP. 

Tha  separation  and  purification  of  the  pbospUneB  i§  accom- 
plished without  any  difficulty,  these  bodies  thus  exhibiting  a 
marked  difference  from  the  amine  bases,  the  separation  of  which 
is  difficult  and  tedious.  In  the  first  place  it  must  be  borne  in 
mind  that  under  the  above  conditions  a  tertiary  base  is  not  formed. 
In  Older  to  separate  the  ethyl  phoephine,  the  contents  of  the  tube 
are  brought  into  an  apparatus  filled  with  hydrogen  (Fig.  62]i 
into  which  a  slow  current  of  water,  free  from  air,  is  allowed  to 
enter.  This  decomposes  the  salt  of  the  primary  base,  correspond- 
ing to  the  iodide  of  phosphonium,  into  ethyl  phoephine  and 
hydriodic  acid.  The  first  of  these  is  condensed  by  passing 
through  a  spiral  tube  surrounded  by  ice  and  dried  over  caustic 
potash.  As  the  current  of  hydrogen  carries  away  a  con- 
siderable quantity  of  the  very  volatile  ethyl  phosphine,  the 
gas  is  passed  through  a  concentrated  solution  of  hydriodic 
acid.  At  last  the  whole  is  warmed,  and  when  no  further 
evolution  of  ethyl  phosphine  takes  place,  a  strong  solution 
of  caustic  soda  is  allowed  to  run  into  the  retort,  when  so 
much  heat  is  evolved  that  diethyl  phosphine  volatilizes;  and 
this  is  then  condensed  by  an  ordinary  cooling  apparatus  in 
an  atmosphere  of  hydrogen,  and  also  dried  over  caustic  potash. 

Ethyl  phosphine  is  a  very  mobile  colourless  liquid,  in- 
soluble in  water,  and  possessing  a  strong  refiractire  power. 
It  boils  at  25*,  and  does  not  act  on  vegetable  colouriog  matters. 
Its  smell  is  most  overpowering,  closely  resemUing  that  of  the 
oarbamines,  and  its  vapour,  like  tkUt  of  the  latter  bodies, 
I»oduces  an  intense  bitter  taste  on  the  tongue  and  in  the 
thrcwt.  The  vapours  bleach  cork  like  chlorine,  and  caoutchouc 
brought  in  contact  with  them  is  rendered  translucent  and  loses 
its  elasticity.  Ethyl  phosfdiine  ignites  in  contact  with 
chlorine,  bromine,  aiid  Aiming  ni^c  acid,  and  yields  with 
sulphur  and  carbon  disuli^icle  volatile  compouDda. 

Ethyl  phosphine  Is  a  weak  base,  which  unites  with  ccncen- 
trated  hydracids  and  the  elements  of  the  chlorine  group  to  form 
salts  which  are  quickly  decomposed  by  water.  The  hydrochloride 
forms  a  platinichJoride  which  crystallises  in  fine  crimson-red 
needlea  Ethyl  phosphonium  iodide  is  a  splendid  salt,  crystal- 
lizing in  shining  white  four-sided  tables  slightly  soluble  in  con- 
centrated hydriodic  acid.  On  the  addition  of  ether  it  separatee 
out  in  targe  well-formed  tables,  which  are  so  thin  that  they 
exhibit  iridescence.  Heated  in  en  atmosphere  of  hydrogen  they 
sublime  at  100°,  forming  a  mass  resembling  sal-ammoniac. 


;abyGoO<^lc 


TBIETHYL  PHOSFHINE.  438 

a8o  Mhyl  Pho^nic  And,  P(CiH,)0,Hy  This  Bubetaace  is 
obtained  by  the  actioD  (^  fmaing  nitric  acid  on  ethyl  phos- 
phine,  and  may  be  regarded  as  orthophosphoric  acid  in  which 
bydroxyl  is  replaced  by  etbyl.  It  is  separated  from  the 
pbo^horic  add,  which  is  formed  at  the  soma  time,  by  boiling 
the  solution  with  oxide  of  lead,  and  treating  the  mixture 
of  the  lead  salts  with  acetic  acid,  which  leaves  the  lead  phos- 
phate insoluble.  Sulphuretted  hydn^^en  is  tiien  passed  thn>ugh 
the  solution,  and  the  filtrate  evaporated  on  a  water-bath.  The 
residual  oily  liquid  solidifies  on  cooling  to  a  spermaceti-like 
mass,  which  melts  at  41*  and  can  easily  be  distilled.  Although 
it  is  very  soluble  in  water,  it  ia  only  with  diG&culty  moistened 
by  this  substancA.  It  is  dibasic;  the  silver  salt,  P(CjH^O,A.gy 
is  an  insoluble  yellow  powder.^ 

Diethyl  Fhospbdis,  P(C,H,}^ 
ia  a  colourless  HqaEd,  lighter  than  water  and  having  a  high 
re&octive  power.  It  boits  at  85°,  and  possesses  an  extretaely 
penetrating  smell,  but  one  quite  different  from  ethyl  phos- 
phine.  It  absorbs  or^n  with  great  avidity,  becomit^  thereby 
BO  hot  that  inflammation  may  ensue.  It  dinolves  very  easily  in 
adds.  Its  salts,  which  are  not  decomposed  by  water,  crystallize 
only  with  difficulty,  with  the  exception  of  the  hydriodide  and 
ti>e  platinichloride,  the  latter  forming  fine  large  orange-yellow 
prisms,  which  however  are  very  unstable. 

Diethyl  phosphine  combines  with  sulphur  and  carbon  di- 
snlpbide  to  form  liquid  compounds.  !Nitric  4cid  oxidizes  the 
base  to  d/iethyl  photpkinie  add,  F(CjH^,OtH,  a  liquid  which 
does  not  solidiiy  at  —  25*  and  yields  a  silver  salt,  F(C^f)|0,Ag, 
which  ia  precipitated  from  its  aqueous  solution  in  fine  dlky 
needles. 

Tbibthtl  PSOSPHIHB,  P(C^j)g. 

38 1  This  was  first  prepared  by  Cabours  and  Ho&iann,*  by  the 
action  of  zinc  ethyl  on  phosphorus  trichloride,  in  a  similar  way 
as  the  corresponding  methyl  compound  (see  p.  282).  Hofmann 
afterwards  found  that  it  is  better  to  decompose  the  double 
compound  of  triethyl  phosphine  and  zino  chloride,  formed  by 
the  continued  action  of  concentrated  caustic  potash,  and  to 
distil  the  base  from  this   mixture.*     This  compound   is  also 
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formed  by  heating  phosphoniom  iodide  and  absolute  alcohol 
for  some  hours  to  180°,  the  product  of  the  reaction  being 
decomposed  b;  caustic  soda : 

3  C,H,OH  +  PHJ  -  P(C^^,HI  +  3  H,0. 
Triethyl  phosphine  is  also  formed  when  ethyl  iodide  is  heated 
vitii  gaseoxiB  phosphuretted  hydn^en : ' 

8  CjHjI  +  PHj  -  P(CjHO,HI  +  2  m. 

In  this  reaction  not  a  trace  of  the  primary  or  secondary  base 
is  formed.  Phosphuretted  hydrogen  acts  in  this  respect  alto- 
gether differently  &om  ammonia. 

The  triethyl  phosphine  dried  over  csostic  potash  is  a  edUmr- 
less  very  mobile  liquid  boiling  in  an  atmosphere  of  hydrogen 
at  IST^'S  under  a  pressure  of  744  mm.,  and  having  a  specific 
gravity  of  0812  at  IS''^.  In  a  concentrated  condition  it  has  a 
suffocating  but  not  nnpleasant  smell,  which  when  dilute  haa 
a  resemblance  to  that  of  hyacinths.  It  rapidly  absorbs  oxygen, 
especially  at  a  high  temperature,  and  conseqaently  the  liquid 
cannot  be  poured  from  one  vessel  to  another  without  its  be- 
coming heated.  In  contact  with  oxygen  white  vapours  are 
at  once  given  off,  the  liquid  becomes  hot  and  frequently 
ignites,  burning  with  evolution  of  a  dense  white  cloud.  If  a 
piece  of  filter-paper  moistened  with  triethyl  phosphine  be 
placed  in  a  tube  filled  with  oxygen,  and  the  tube  dipped  into 
warm  water,  the  vapour  forms  an  exjJosive  miztnre  with  the 
oxygen  and,  after  a  few  moments,  the  mixture  detonates  londly. 
Triethyl  phosphine  does  not  possess  an  alkaline  reaction, 
although  it  easily  combines  with  adds.  It«  salts,  which  are 
obtained  by  the  ^rantaneous  evaporation  of  their  solutions,  are 
not  well  defined.  If  a  mixture  of  zinc,  phosphorus,  and  ethyl 
iodide  is  heated  for  some  houn  to  150'  — 160*  a  compound  of 
triethyl  phosphine  hydriodide  and  zinc  iodide  is  formed : 
80^1  +  Pj  -I-  3Zn  =  2P(C^^,HIZnI,  +  2ZnI,  +  2C^^. 

At  the  same  time  triethylphosi^oninm  iodide  is  also  |h'o- 
duced,  as  well  as  its  compound  with  zinc  iodide. 

These  bodies  may  be  separated  by  crystallization,  and  the 
mixture  is  well  adapted  for  preparing  small  quantities  of  tri- 
ethyl phosphine  by  distillation  with  caustic  potash  in  an  atmo- 
sphere of  hydrogen  (Ho&nann).    A  solution  of  the  base  in 

1  Bafinann,  Str.  Vmltch,  CK«m.  Om.  iv.  205  and  372. 
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hjrdioclilorio  add  girea  with  pUiiDic  a  chloride  precipitate  of 
[F(C,Hj3H],FtCl^  diflScaltl;  soluble  in  water,  and  insoluble 
iu  alcohol.  When  triethyl  phoBphine  is  dropped  into  a  flask 
filled  with  diloriue  gas  each  drop  takes  fire  ;  but  if  chlorine  be 
passed  into  ao  aqueous  solution  of  the  subatance  a  dicbloride  is 
formed.  This  is  a  crystalline  body  melting  at  100°,  and 
volatilizing  readily,  although  its  boiling-point  is  very  high. 
Triethyl  phosphine  also  combines  with  bromine  and  iodine 
with  evolution  of  so  much  heat  that  inflammation  may  occur, 
bat,  by  moderating  the  acUon,  crystalline  compounds  can  be 
obtained.  The  compounds  of  triethyl  phosphine  with  the 
elements  of  the  oxygen  group  have  been  more  accurately 
examined. 

383  Tnethi/lphogphineOxide,'P(CjB.^fi.  It  has  already  been 
stated  that  oxygen  combines  at  the  ordinary  temperature  with 
trietbylpbosphine,  and,  for  this  reason,  the  oxide  is  almost  always 
formed  in  the  preparation  of  the  base,  and  when  the  latter  is 
distilled,  the  thermometer  suddenly  rises  towards  the  end  of  the 
operation,  the  neck  of  the  retort  and  the  condensing  tube  becom- 
ing covered  with  a  network  of  glistening  crystals  of  the  oxide. 
In  order  to  prepare  this  body  the  residues  &om  the  i^aparation 
of  triethyl  phosphine  are  distilled  in  a  copper  retort.  A  lai^e 
portion  of  the  oxide  passes  over  with  the  aqueous  vapour,  and 
then  the  impure  oxide  as  an  oily  liquid.  The  aqueous  distillate 
is  concentrated  by  evaporation  and  the  oxide  then  separated 
by  solid  caustic  potash.  The  purified  product  is  allowed  to 
stand  for  twenty-four  hours  in  contact  with  solid  caustic  potash 
and  again  distilled.  '  As  soon  as  the  distillate  solidifies  the 
receiver  is  changed  and  the  pure  substance  forms  about  ninety 
per  cent,  of  the  raw  product,^ 

A  very  good  meUiod  for  preparing  the  oxide  ia  given  by 
Carins,*  and  this  has  been  further  impx>ved  by  Crafts  and  Silva.' 
One  part  of  phosphorus  is  heated  with  thirteen  parts  of  iodide 
of  ethyl  for  twenty-four  hours  to  ITS'-ISO',  when  the  following 
reactions  take  place : 

P,  +  4  C,H,I  -  PCCjH^.I  +  H^ 
PI,  +  3  C.H,I  -  P(0,H  J,I,  +  21, 
PI,  +  3  P(C,H^,I  +  I.  =  4  P(C,HJ,I, 

p(c,By,i,  +  c,b:.i  =  P(C,ho.i  +  v 
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The  contents  of  the  tube  are  then  distilled  with  ataong 
alcohol.  Then  ethyl  iodide  cornea  over.  The  residue  is  mixed 
with  four  porta  of  caustic  potash  and  distilled,  and  the  distillate 
purified  as  above  described.  The  formaUoa  of  the  oxide  is 
explained  by  the  following  equations : 

P(C,H,),I,  +  2C.H,.0H  -  P(0,H^,0  +  2C,HJ  +  H,0. 
P(C,H^,T,  +  2K0H  =  PCC,Hj),0  +  2  KI  +  H,0. 
P{C,H^I  +  KOH  =  P(C,H^,0  +  KI  +C,H,. 

Triethyl  phosphine  oxide  is  also  fonned  by  the  action  of 
zinc  ethyl  on  the  chloride  of  ethyl  phosphoroua  acid. 

Trietbyl  pbospbine  oxide  crystalliies  in  long  white  needles 
which  are  very  deliquescent,  and  soluble  in  every  proportion  in 
water  and  alcohoL  On  evaporating  the  solution,  it  always 
separates  out  as  an  oily  liquid,  which  solidifies  when  eveiy 
trace  of  the  solvent  is  removed.  According  to  Hofmann,  it 
melta  at  44°,  and  boils  at  240",  whilst  Ciafto  and  Silva  state 
that  it  melts  at  51°'6  and  boils  at  243°.  It  is  an  extremely 
stable  body,  which  is  not  attacked  even  when  heated  with  nitric 
acid.  Chlorine  and  bromine  act  upon  it  only  at  a  high  tempe* 
rature.  Sodium  does  not  attack  it  even  when  heated  with 
it,  nor  does  zinc  in  alkaline  solution  produce  any  action.  It 
however  does  not  combine  readily  with  other  bodies,  but  yields 
compounds  with  a  few  salts. 

Trietkt/tpAaaphine  Oxide  Zinc  Iodide,  P{C,H^gOZnI^  crystal- 
lizes from  warm  water  or  alcohol  in  monocUnic  tables,  which 
melt  at  99°. 

Trieihytphosphine  Oxide  Copper  Sulphate,  3P(0,H^,0  + 
CuSO^.  When  cr3rstallized  copper  sulphate  is  added  to  the 
pure  heated  oxide  it  dissolves,  a  quantity  of  basic  copper  sulphate 
separating  out,  whilst  triethylphosphiue  oxide  copper  sulphate 
remains  in  solution.  The  solution  on  slight  dilution  and  fiirthOT 
heating  deposits  more  of  the  ba«ic  copper  sulphate.  On  then 
evaporating  the  blue  liquid  in  a  vacuum  over  sulphuric  acid, 
fine  four-sided  prisms  separate  out,  having  the  colour  of  ferrous 
sulphate.^ 

TriethylphospUnt  Oxide  Platinvs  Chloride,  P(C,H^O  -f 
F(C,Hg)^tCly  crystallizes  from  alcohol  in  six-sided  m<mo- 
clinic  tables.  It  dissolves  in  all  proportions  in  water,  but  is 
'  Febal,  Ann.  Chtm.  Fkamt.  czx.  201. 
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iBsolable  lit  etlier.  If  an  aqueous  solution  of  tiie  hydto- 
chloriile  be  mixed  with  a  slight  excess  of  platinic  chloride,  and 
heated  to  boiling,  the  red  precipitate  which  at  first  forms 
disappears,  and  light  yellow  crystals  separate  out  from  the  con- 
centrated solution,  having  the  composition  Pt[P(G,Hj)J^PtCl^ 
and  therefore  analogous  to  Magnus'i  green  salt  (VoL  IL  part  ii. 
p.  411).  This  compound  is  readily  soluble  in  ether,  and  ciyB- 
tallizea  from  ethereal  solution  in  large  amber-yellow  transparent 
monoclinic  prisms,  which  melt  at  150°,  and  may  be  heated  to 
250°  without  decomposition.  Together  with  this  compound 
an  isomeric  body  is  formed,  crystallizing  in  small  white  prisms. 
If  the  yellow  compound  be  heated  with  trietbylpbosphine  and 
water,  colourless  crystals  having  the  composition  [P(C2Hg)  J^PtCl, 
are  formed,  which  are  easily  converted  with  separation  of  tri- 
ethylphosphine  into  the  white  compound  already  mentioned,  and 
give  with  silver  oxide  and  water  a  strongly  idkaline  solution, 
from  which  other  salts  corresponding  to  the  plato-dianunonium 
compounds  can  be  prepared.^ 

aSs  Triethj/lplio^iiu  Sulphide,  7{C^^)^.  If  a  piece  of  sul- 
phur be  thrown  into  a  test-tube  containing  triethylphosphine  it 
melts  with  evolution  of  heat,  running  about  on  the  top  of  the 
liquid  until  at  last  it  disappears.  On  oooling,  the  liquid  solidifies 
to  a  splendidly  crystalline  mass.  This  experiment  requires  care, 
inasmuch  ae  the  vapour  of  the  base  when  brought  in  contact 
with  air  forms  -an  explosive  mixture.  In  order  to  prepare  the 
Buli^ude  in  larger  quantity,  flowers  of  sulphur  are  heat^  in  a 
dilute  etiiereal  solution  of  the  base  as  long  as  they  dissolve. 
The  ether  is  then  evaporated  off  and  the  residue  crystallized 
from  boiling  water.  On  cooling,  it  separates  out  in  long  glisten- 
ii^r  needles  or  hexagonal  prisms,  which  melt  at  94°,  and  are 
volatile  in  a  current  of  steam.  When  heated  with  sodium,  tri- 
ethylphosphine is  jm)duced,  whilst  nitric  acid  converts  this 
compound  into  the  oxide, 

Truihylphot^ine  Selenide,  "P^C^^^Se.  Selenium  combines 
directly  with  this  base,  but  with  less  energy  than  sulphur. 
The  compound  crystallizes  from  aqueous  solution  with  the  same 
ease  with  which  the  sulphide  does,  and  is  decomposed  in  contact 
with  the  air. 

Triahi/lphe^ine  Carbonj/l  Sulphide,  V^C^^fiS^  This  m^- 
nifioent  and  characteristic  compound  is  formed  by  the  direct 
onion  of  the  base  with  carbon  disulphide,  the  combination 
1  Ctltonn  uid  GaL  BtiU.  Soo.  Ohim.  [2],  sir.  3M. 
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taking  place  bo  energetically  that  an  ezplouon  may  occur.  It 
ia,  therefore,  1»etter  to  prepare  the  compound  in  an  akohollc  ot 
ethereal  solution.  It  is  insoluble  In  water,  difficultly  soluble  in 
ether,  but  easily  dissolves  ia  hot  alcohol,  from  which,  on  cooling, 
it  is  deposited  in  red  needles  resembling  chromium  triozide, 
wtiilst  by  the  spontaueous  evaporation  of  the  ethereal  aohi- 
tion  large  deep-red  monoclinic  crystals  are  obtained  exhibitii^ 
dlchroiam,  melting  at  95'  and  evaporating  at  100°.  The  com- 
pound is  soluble  in  sta^ng  hydrochloric  acid,  and  this  solution 
yields,  with  platinic  chloride,  a  yellow  amorphous  compound, 
[P(CiHe)gH]jPtClp,  which  is  insoluble  in  alcohol,  and  very 
easily  decomposed.  When  an  alcoholic  solution  is  boiled  with 
silver  oxide  or  silver  nitrate  the  following  reaction  takes  place ; 

PCC^J,CS,  +  2Ag,0  =  Ag^  +  Ag,  +  CO,  +  P(C,Hj;3. 

Moist  air  gradually  produces  a  similar  change.  If,  however,  it 
is  heated  with  water  to  IOC  the  following  reaction  occurs : 

4P(C,H0jCS,  +  2H,0  =  2P(C,HJ^  +  P(C,HJ,0  + 
P(C,HJ,(CH,)OH  +  3CS,. 

The  methyl  triethyl  phospbonium  hydroxide  thus  formed  yields 
a  j^tinichloride  crystallizing  in  splendid  octvhedrons. 

The  formation  of  t^e  red  compound  takes  place  so  easily  and 
so  quickly  that  it  may  he  used  as  a  means  of  detecting  the 
smallest  trace  either  of  carhtm  disnlphide  or  of  triethyl  pho&- 
phiue.*  If  it  is  desired  to  test  for  the  latter  body,  the  Liquid  is 
pourect  on  to  a  watch-glass,  and  the  vapour  of  carbon  disnl- 
phide allowed  to  flow  on  to  it  from  a  bottle  containing  this 
liquid,  when  the  glass  becomes  covered  with  a  network  of  red 
crystals.  By  help  of  the  triethylphoaphioe  the  presence  of 
exceedingly  small  traces  of  sulphide  of  carbon  may  be  detected, 
as,  for  example,  in  the  most  carefully  purified  coiJ-gaa.* 

The  constitution  of  this  peculiar  compound  is  probably  as 
follows : 

When  heated  with  a  saturated  solution  of  sulphuretted  hydro- 
gen to  100'  it  decomposes  into  carbon  disulphide,  triethyl- 
phoepbine  sulphide,   and  yellow  crystals   having   the  formula 

I  Tba  othar  tertUrr  phoaphinei  form  ■iinilu'  cmnpoQnih. 
■  Hofmum,  nil.  Tnnu.  18S0,  p.  UI. 
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CgHjftPSj,  inBolable  in  ether,  and  probably  baving  the  conatita- 
tion  CS  i  ™/(-f  TT  \  XT  If  tl»eae  be  heated  with  water,  carbon 
disulphide  is  separatad,  and  an  alkahne  solution  is  formed  which 
yields  with  acids  well-defined  salta.  The  difficultly  soluble 
iodide  crystallizes  in  long  needles,  having  the  composition 
P(SCH,)(C,HO,I.' 

TBTEAETHTlPHOSFHONIini  COMPOimDS. 

384  When  triethylphosphine  is  mixed  with  ethyl  iodide  a 
violent  reaction  takes  place  in  a  few  xaoments.  The  liquid  firoths 
up,  and  solidifies  on  cooling  to  a  white  cTystall|ne'  mass  of 
tetraethylphosphonium  iodide.  This  compound  is  also  formed 
together  with  triethylphosphine,  when  absolute  alcohol  acts  on 
phospbonium  iodide  (Vol.  I.  p.  477) : 

4CjHyOH  +  PH^I  =  P(C,Hb)^I  +  4H,0. 

It  is  exceedingly  soluble  in  water,  less  so  in  alcohol,  and 
insoluble  in  ether.  If  ether  be  added  to  an  alcoholic  solution 
until  the  white  crystaUine  powder  which  begins  to  separate 
dissolves  on  boiling,  finely  formed  crystals  are  depomted  on 
cooling.  If  silver  oxide  be  added  to  its  solution,  silver  iodide 
is  quickly  formed,  and  a  strongly  alkaline  Uquld  which  retains 
some  silver  oxide  in  solution.  If  thb  be  allowed  to  dry  over 
Bolphuric  acid,  metallic  silver  separates  out  in  the  form  of  a  black 
powder  or  in  that  of  a  mirror,  and  a  ctystalline  mass  of  the 
hydroxide  is  obtained,  which  is  odourless,  and  possesses  a  bitter 
taste  someivhat  resembling  liiat  of  phosphorus  itself  Its  Bolu- 
t^n  exhibits  most  of  the  reactions  of  caustic  potash,  except 
Uiat  it  does  not  easily  dissolve  the  oxides  of  zinc  and  alumi- 
niuna.  On  dry  distillation  it  is  decomposed  into  triethylphos- 
phine oxide  and  ethane.  The  chloride,  sulphate,  and  nitrate 
prepared  firom  this  are  ciystalliue,  bat  extiremely  deliquescent 
bodies.  The  platinichloride  is  an  oraoge-yellow  precipitate, 
which  is  difficultly  soluble  in  boiling  water.  The  auiichloride 
crystallizes  izoiu  hot  water  in  glistening  golden  needles. 

TrUthj/lmeihi/lphoaplumiam  Iodide,  '?{C^^^{Q'S.^'l.  If  methyl 

iodide  be  l»ought  together  with  triethylphosphine,  it  unites 

with  it  with  such  force  that  an  explosion  may  occur,  and  hence 

it  is  necessary  to  dilute  with  ether,     The  compound  resembles 

1  Hofinann,  Froe.  Soy.  Sa^  xi.  2S6. 
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that  of  tetraethylphoaphoQium,  and,  like  thia,  yields  a  strongly 
alkaline  hydroxide  and  a  platinichloride  which  has  already  been 
mentioned. 


ARSENIC  COUPOUNDS  OP  ETHYL. 

385  These  bodies  exhibit  close  analogy  with  the  coirespooding 
methyl  compounds.  But,  with  the  exception  of  the  triethyl- 
anine,  they  have  not  been  so  carefully  examined  as  the  latter 
series. 

TriethylartiTu,  A8(CjHj)„  occurs  bother  with  arsendi- 
methyl,  As,(C(H^^  aa  the  principal  product  of  the  action  of 
ethyl  iodide  oa  sodium  aisenide  : 

AsNa,  +  SCgHjI  -  Ab(C,Hj),  +  3  Nal. 

The  product  is  subjected  to  distillation,  and  the  distillate 
rectified  in  an  atmosphere  of  carbon  dioxide.*  Triethylarsiiie 
1b  also  formed  by  the  action  of  zinc  ethyl  on  arsenic  trichloride.* 
It  is  a  highly  refracting  mobile  liquid  poasessiog  a  disagreeable 
smell,  boiling  at  \W  and  having  a  specific  gravity  of  I'151 
at  l^'l,  whilst  that  of  its  vapour  is  5''-278  (Landolt).  It 
fumes  in  the  air  and  takes  fire  when  slightly  warmed.  .  When 
the  air  is  allowed  to  act  slowly  upon  it,  tabular  crystals 
having  an  acid  reaction  are  formed.  The  composition  of  these 
has  however  not  been  determined.  TriethyUrsine  is  decomposed 
by  concentrated  nitric  acid  with  evolution  of  light  and  heat, 
but  an  acid  of  specific  gravity  142  converts  it  into  triethyl- 
arune  nitrate,  which  forms  deliquescent  crystals. 

Trieihylarsine  Oxide,  As(Cj'K^fi,  is  formed,  together  with 
other  bodies;  when  an  ethereal  solution  of  triethylarsine  is 
allowed  to  evaporate  in  the  air,  as  well  as  when  the  correspond* 
ing  iodide  is  heated  with  caustic  potash.  It  ia  a  liquid 
insoluble  in  water,  which  may  be  distilled  without  decomposi* 
tion,  and  possesses  an  irritating  smelL  When  wanned  with 
concentrated  hydrochloric  acid  it  evolves  a  most  unbearable 
odour,  probably  due  to  the  formation  of  a  chloride  which 
however  has  not  yet  been  isolated. 

Triethylarsiiie  Bromide,  Afl(CjHj)jBry  ia  produced  when  an 
alcoholic   solution  of  its   constituents  is  allowed  to  evaporate. 
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It  forms  yellow  crystals  which  have  a  bitter  taste  and  excite 
sneezing. 

TrUtkyUiTsine  Iodide,  As(C,H^,Ip  is  obtained  as  a  yellow 
precipitate  by  adding  iodine  to  an  ethereal  solation  of  triethyl- 
arsine.  By  the  action  of  platinic  chloride  on  triethylarsine 
the  salt  Pt[As(CjHg),]jPtCl^  is  produced  which  is  isomor- 
phous  with  the  corresponding  phosphioe  compotuid  (p.  437). 
An  ieomeridd  is  also  formed  at  the  same  time  in  long 
light  yellow  prisms.  Both  bodies  are  converted  into  the  salt 
[As(C^j)g]4Pt01(  by  the  further  action  of  the  arsenic  base 
(Cahours  and  OaL) 

Tridhylarsine  SviphMe,  Ai(fl^^^,  is  produced  when  an 
ethereal  solution  of  triethylarsine  is  warmed  with  flowers  of 
sulphur.  It  crystallizes  in  fine  prisms  soluble  in  hot  water  and 
melting  a  little  above  100°.  It  has  a  bitter  taste.  Hydro- 
chloric acid  decomposes  it  with  evolution  of  sulphuretted 
hydrogen,  and  its  solution  precipitates  black  sulphide  of  silver 
firom  silver  salts,  but  it  has  no  action  on  those  of  copper 
and  lead. 

TBTBAETHrtXBSOftltJM  CoMPODHDS. 

a66  The  iodide,  A8(CjHJ^I,  is  readily  produced  by  gently  heat- 
ing ethyl  iodide  with  triethyl  arsine.  It  ia  easily  soluble  in 
water  and  alcohol,  and  crystallizes  in  long  colourless  needles 
which  turn  brown  on  exposure  to  air.  When  distilled 
with  caustic  potash  it  decomposes  into  the  bodies  from  which 
it  is  formed.  It  unites  with  iodine  to  form  the  periodide, 
A8(CjH5)^Ij,  a  body  which  in  appearance  resembles  potassium 
permanganate.  A  compound  with  arsenic  tri-iodide,  As(CjHJ^I 
+  AsT,,  may  be  obtained  by  heating  arsenic  with  ethyl  iodide 
to  180°;  it  forms  "red  tables  and  crystallizes  from  alcohol 
in  needles,  and  ia  decomposed  by  caustic  potash  with  forma- 
tion of  tetraethylarsonium  iodide,  and  distilled  with  this  body 
it  yields  pure  triethylarsine. 

If  an  alloy  of  arsenic  and  zinc  be  heated  with  ethyl  iodide 
to  175°— 180°,  the  compound  2As(C,H5),I  -J-  Znl,  is  oh. 
taiaed  crystallizing  from  alcohol  in  line  prisms.  A  correspond- 
ing cadmium  compound  has  also  been  prepared.  Both  bodies 
are  decomposed  by  caustic  potash  in  a  similar  way  to  the 
arsenic  iodide  compound.' 
■  Cahoon,  Comft.  BcKd.  xUx.  S7 ;  1.  1022.    Ayat.  Chtm.  Fharm.  cxiL  328 1 
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TetTwthfflanonium  Hydnxcide,  As(0,B^^OH,  is  obtained  by 
acting  with  silver  oxide  on  an  aq^ueous  solution  of  the  iodide. 
A  strongly  alkaline  caustic  liquid  is  left  behind,  which  on 
evaporation  in  a  vacuum  yields  the  hydroxide  as  a  deliquescent 
crystalline  man,  and  this  when  saturated  with  hydrochloric 
acid  gives,  the  chloride,  As(CjHj)^CIl  -f  4H,0,  a  crystalline 
substance  soluble  in  water  and  alcohol  and  uniting  with 
mercuric  chloride  and  platinic  (^oride  to  foim  crystalline 
compounds. 

Various  other,  tetraethylazsoniom  salts  are  known.  More- 
over dimethtfUtkylarsitte,  dUtkylmethylaraimi  and  their  com- 
pounds and  derivatives  have  been  prepared.^ 

Dieth^rnm  or  Sltkyl  Gaeodyl,  As,(C,H,)^.  In  order  to 
prepeiethis  body,  a  mixture  o£  one  part  of  sodium  arsenide  and 
five  parts  of  quartz  sand  is  placed  in  a  number  ot  small  flasks 
and  each  moistened  with  ethyl  iodide.  As  soon  as  the  energetic 
reaction  is  over,  the  mass  is  heated  in  connection  with  a 
reversed  condenser  and  ethyl  iodide  again  added  until  all  the 
triethylarsine  is  converted  into  tbe  arsonium  iodide.  The 
product  is  then  extracted  with  ether  in  an  atmosphere  of 
carbon  dioxide,  the  solution  mixed  with  absolute  alcohol  and 
the  ether  distilled  o£  On  additirai  of  water  free  from  aii 
to  the  residue,  diethylarsine  separates  out,  and  this  is  dried  and 
rectified  in  a  current  of  carbon  dioxide.  The  same  compound 
is  also  formed  when  diethylarsine  iodide,  As(CjHs),I,  is  distilled 
with  zinc  amalgam.' 

Diethylarsine  is  a  heavy  highly  refracting  liquid  having  an 
unbearable  alliaceous  odoar  and  boiling  at  ISS"* — 190°,  and 
oxidizing  quickly  in  the  air  without  however  taking  fire.  In 
this  case  diethylarsine  oxide,  a  substance  which  faas  not  yet 
been  fully  examined,  is  produced.  It  unites  also  with  the 
elements  of  the  chlorine  group  and  with  sulphur,  forming 
compounds  which  closely  resemble  the  corresponding  methyl 
compounds  but  have  not  been  further  examined. 

Etki^  Cacodylic  Acid,  AsOCCgH^OH,  is  formed  by  the 
action  of  air  on  the  foregoing  compound  in  the  presence  of 
water,  or,  more  rapidly  when  diethylarsine  is  shaken  up  with 
water  and  mercuric  oxide,  when  a  readily  soluble  and  crystalline 
c  salt  is  formed.     This  is  decomposed  by  baryta-water, 


>  Calioan^  ^k«.  Cfum.  norm.  ciziL  19S,  329 ;  jtn%.  Cliin.  Pkyi.  [3],  Izii. 

>\. 

■  Cnhours  and  Biebt,  Compt.  Baid.  zii*i  1001  ;  zxxiz.  Gil. 
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the  liquid  treated  with  carbon  dioxide,  and  afterwards  i.be 
baiium  exactly  precipitated  with  aulphuria  acid.  On  evapora-. 
ting  this  aoltition,  the  free  acid  is  obtained  in  glittering  scales 
or  tables  which  have  an  acid  reaction  and  a  bitter  taste.  They 
melt  at  190'  and  are  not  attacked  by  conc«ntoated  zutric  acid  or 
even  by  aqvarngiB  (I^uddt).  :  The  same  compound  i»  also 
formed  when  dietbylaisine  -  iodide  is.  tieated  with  silver  oxide 
and  water : 
2  As(C^^,I  +  3  AgjO+H,0  "  2  ABO{Cfi^fiS  +  2  A«I  +  4  Ag. 

MoneihyUtTaine  Compounda  are  but  little  known.  The  iodide 
is  formed  by  the  action  of  iodine  on  diethylarsne  iodide : 

As(0,Hj),I  +  Ij  -  Ab(C^j)I,  +  C^.I. 

It  may  also  be  prepared  in  a  Bimilar  way  from  diethylarsiite. 
Its  properties  have  not  been  fiilly  examined.  When  treated 
with  silver  oxide  and  water  it  forms  a  crystallizable  arseninono- 
ethjflic  acid,  AsO(C,Hj)  (OH),  (Cahours). 

Some  compounds  are  also  known  which  contain  both  methyl 
and  ethyl,  but  they  have  not  been  more  definitely  examined 
(Cahours). 


ANTIMONY  CqMPOUNDS  OF  ETHYL. 

387  Trieihylaibim  or  StOxihyl,  8b(0^g),.  In  order  to  loe- 
pare  tiiis  compound,  «thyl  iodide  is  allowed  to  act  on  potassium 
antimonide,^  mixed  with  three  times  its  weight  of  sand,  in  an 
atmosphere  of  carbon  dioxide.  The  violent  reaction  which 
takes  pUce  must,  to  begin  with,  be  moderated  by  cooling  down 
tbfl  flask,  which  is  afterwwds  gently  warmed  and  the  products 
of  the  reaction  distilled  ofT.  In  this  case  not  only  atibethyl 
bat  also  tetraethylstibonium  iodide  is  formed,  and  hence 
the  crude  {MXKiuct  is  rectified  over  potassium  antimonide.  It  is 
periutps  better  to  prepare  triethylstibhie  iodide,  which  will  be 
hereafter  described,  from  the  crude  jwodnct  and  to  decompose 
tiiift'With  zinc.  Triethylstibine  is  also  easily  fonncd  by  the 
action  of  zinc  ethyl  on  antimony  trichloride.* 

Trietbylstibine  is  a  high^  refracting  thin'  liquid  possessing 

'  PoUaaJmii  uitimoiiide  1*  obtained  b;  ifpitiiig  five  parti  oC  craam  of  tartu 
with  fbor  pnta  of  uithnonf,  when  ■  crfstillim  regulm  ia  obtttined,  hkviag  ft 
brbcbt  meUllie  lostre,  asd  oontaiDing  twelve  per  cent,  of  potusilini  (C.  Liwig 
ud  £.  Scbwcuer,  Ann.  Chem.  Pharn.  lixv.  Slfi). 

*  A-yr.  Hofbunn,  PKiL  Mag- 1*1  "■  1*1- 


;abyG00<^lc 


444  THE  ETHYL  GROUP. 

an  unpleasant  alliaceous  odour,  boiling  at  158'''5  under  a  presante 
of  730  mm.  and  having  a  specific  gravity  at  16°  of  1'3244,  that 
of  its  vapour  being  7'438.  It  fiimes  strongly  on  exposure,  and 
takes  fire  in  the  presence  of  excess  of  air  as  well  as  in  oxygen, 
burning  with  a  luminous  flame.  By  the  action  of  alcoholic 
solution  of  platinic  chloride  on  triethylstibine  a  fine  crystalline 
compound,  Ft[Sb(CtH^J^PtCI^  is  obtained  (Hofinann). 

Triethylstibine  Oxide,  Sb(CjH^,0,  is  formed  by  the  slow  oii- 
datioD  of  triethylstibine  in  the  air  or  under  water,  as  well  as  by 
evaporating  its  alcohoUc  solution.  It  is  best  obtained  by  acting 
on  silver  oxide  with  an  aqueous  solution  of  the  iodide  or  oxy- 
iodide.'  It  can  also  be  prepared  by  decomposing  the  sulphate 
with  baryta  water.  The  ac^ueous  solution  gives,  on  evaporation  in 
a  vacuum,  a  syrup  which  gradually  solidifies  to  an  amorphous 
mass.  Its  solution  has  a  bitter  taste  and,  like  the  alkalis, 
precipitates  many  metallic  salts.  With  acids  it  forms  salts  which 
have  a  bitter  taste,  but  do  oot  act  as  emetics. 

TriethyUtHnne  Chloride,  Sb(CjH^gCV  Triethylstibine  takes 
fire  in  chlorine  gas.  Id  order  to  prepare  the  chloride,  the  oside 
or  one  of  its  salts  is  treated  with  concentrated  hydrochloric  acid, 
when  the  above  compound  is  precipitated  as  an  oily  liquid 
which  smells  like  turpentine  and  has  a  specific  gravity  of 
1-MO  at  ir. 

Triethylstibine  Bromide,  Sb(CjHj)jBrj,  is  obtained  by  adding 
an  ^coholic  solution  of  bromine  to  a  well-cooled  alcoholic 
solution  of  triethylstibine,  and  precipitating  the  product  with 
water.  It  ia  a  colourless,  highly  refracting  liquid,  having  a 
specific  gravity  of  1*953  at  17°,  and  possessing  an  unpleasant, 
turpentine-like  smell,  and  on  warming  giving  off  a  vapour 
which  excites  tears  and  sneezing.  Like  the  chloride,  it  decom- 
poses when  strongly  heated.  Its  alcoholic  solution  acts  on 
metallic  salts  hke  potaasum  bromide. 

TrielhyUtibine  Iodide,  Sb(C,Hg)jIj.  In  order  to  prepare  this 
compound,  iodine  is  added  to  an  alcoholic  solution  of  triethyl- 
stibine so  long  aa  the  colour  disappears.  The  solution  is 
allowed  to  evaporate,  and  crystals  separate  oot,  which  may  be 
purified  by  recrystallizatton  from  alcohol  and  ether.  This  body 
forms  colourless  transparent  needles,  which  melt  at  70°'5,  and 
begin  to  volatilize  at  100',  though  they  decompose  at  a  tem- 
perature slightly  above  this.  Triethylstibine  iodide  dissolves  in 
water,  and  is  easily  soluble  in  alcohol  and  ether.  It  acts 
^  HeA,  Ami.  Chtm.  Pharm,  scriL  323. 
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tofforda  chloriQe,  coocentrated  sulphoric  acid,  and  metallic  salts 
like  potassium  iodide.  By  the  action  of  uuc  ethyl  on  the  iodide 
a  pasty  mass  is  obtained  which,  on  distiUation,  yields  a  faeary 
liquid,  probably  pentaethyl-stibiue. 

Triethplatibine  Oxyiodide,  Sb,(C,H^gOI^  is  fonned  by  allow- 
ing an  alcoholic  solution  of  triethylBtibine  iodide,  to  which 
ammonia  has  been  added,  to  evaporate  epontaneonsly.  It  is 
also  produced  by  the  union  of  the  iodide  and  oxide  in  alcoholic 
solation,  or  by  adding  hydriodic  acid  to  a  solution  of  the  oxide 
in  ether  until  a  turbidity  occurs.*  The  oxyiodide  deposits  in 
hard,  colourless,  glassy,  odourless  octobedrons  or  tetrahedrons. 
When  treated  with  an  aqueous  solution  of  mercuric  chloride) 
the  corresponding  chlorine  compound  is  formed,  consisting  of 
a  striated  crystalline,  very  deliquescent  mass.* 

TrUtkj/ldibine  Stdpftate,  Sb(C^6)jS0^,  is  best  obtained  by 
acting  with  copper  sulphate  on  triethylstibine  sulphide.  It  is 
very  easily  soluble  in  water,  and  separates  out  from  the  syrupy 
solution  in  small  white  crystals.  When  decomposed  by  baryta 
water,  and  the  filtrate  evaporated,  a  soluble  compound  of  tri- 
ethylfltibine  and  baryta  remains  behind,  wbich  is  soluble 
in  alcohol ;  this  solation  is  decomposed  by  carbon  dioxide 
with  formation  of  triethylstibine  oxide.'  The  basic  salt, 
[Sb(0,Hg)Jj(OH)^0^,  is  formed  by  decomposing  the  oxyiodide 
with  silver  sulphate.  On  drying  the  solution  in  a  vacuum  over 
sulphuric  acid,  a  gummy  moss  remains. 

TriethylUibine  Niirate,  SbtC^^aCNOj)^  is  obtained  by  dis- 
solving triethylstibine  or  its  oxide  in  nitric  acid.  It  is  easily 
soluble  in  water,  and  crystallizes  in  large  rhombic  prisms 
melting  at  62°'5,  having  an  acid  reaction,  and  defl^rating  on 
heating.  The  basic  salt,  Sb(C,H03(OH)I!JOy  is  formed  by  the 
decomposition  of  the  oxyiodide  with  silver  nitrate,  and  forms 
a  striated  crystalline  mass  which  is  not  deliquescent,  though 
readily  soluble  in  water. 

TriethyUtilnne  Aniimoniie,  Sb(C,H()j(SbOj)y  is  obtained, 
bother  with  the  oxide,  when  triethylstibine  is  slowly  oxidized. 
In  order  to  prepare  it,  an  ethereal  solution  of  the  hriter  com- 
pound is  allowed  to  evaporate  by  exposure  to  air.  The  residue 
is  then  extracted  with  a  mixture  of  alcohol  and  ether,  and  the 
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antimonite  obtained  as  an  amorphous  powdei,  easily  soluble  in 
water  and  alcohol.' 

Triethj/htiintu  Sulphide,  Sb{Gfi^fi,  is  fomted  by  diflsolvisg 
flowera  of  sulphur  in  an  ethereal  solution  of  triethylstilHne  and 
evaporating  the  filtrate.  It  is  also  produced  by  the  action  of 
sulphuretted  hydrogen  on  the  oxide,  and  forms  a  light  crystal- 
line  mass,  having  a  silver-white  colour,  and  emelling  like  mer- 
captan.  It  has  a  bitter  taste,  is  easily  soluble  in  water,  and  is 
decomposed  by  dilute  acids  with  evolution  of  sulphuretted 
hydrogen.  When  boiled  with  a  solution  of  potassium  cyanide, 
triethylstibine  and  potassium  thiocyaoata  arc  produced,  and  its 
aqueous  solution  behaves  towards  metallic  salts  like  potasaium 
suljdude  CBuckton). 

Triethylaibiiu  Tkioantwwn,iie,  Sb(C,Hj),(SbS^^  is  obtained 
as  a  pale  y^iow  amorphous  precipitate  when  sulphuretted 
hydrogen  is  passed  into  a  solution  of  the  antimonite,  and  it  is 
also  formed  when  freshly  precipitated  sulphide  of  antinunty 
containing  free  sulj^ur  is  added  to  an  alcoholic  solution  of 
triethylstibine.  Dilute  sulphuric  acid  decomposes  it  with 
separation  of  antimony  trisulphide  and  evolution  of  aulphu- 
retted  hydrogen. 

IHethj/latiiiTu  Selenvle,Sh(GtB.^)3^,  is  formed  in  ui  analogous 
way  to  the  sulphide,  which  it  clc«ely  resembles. 


TETRAETBTISTIBONnJH  COMPOTIHD8. 

388  These  were  discovered  by  R.  Ix)wig,'  and  termed  by  him 
sUbethylium  compounds.  The  point  of  departure  for  these  a 
the  iodide  obtained  by  the  comlnnation  of  ethyl  iodide  with 
triethylstibine. 

TetraUhyUtihonium,  Sydnxoide,  Sb(C,Hj),OH,  is  obtained  by 
the  action  of  silver  ozide  on  an  aqueous  solution  of  the  iodide. 
The  filtrate  is  first  evaporated  on  a  water-bath  and  then  in  a 
vacuum,  and.  it  leaves  the  ooBiponnd  as  an  oily  liquid  which 
does  not  solidify,  is  easily  soluble  in  water,  luia  a  strong  alkaline 
reaction,  and  behaves  like  caustic  potash  towards  the  metallic 
salts,  Sic. 

TetraethyUtibomum  CfUoride,  Sb(C,HJ,Cl,  is  obtained  by 
neutralizing  the  hydroxide  with   hydrochloric  acid.     It  ciys- 
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talUzes  in  deliquescent  needles,  and  unites,  with  platinic  cliloride 
and  other  metallic  chlondes. 

The  bromide  is  a  similar  substance,  bat  is  not  deliquescent. 

TetraethylaibonKim  Iodide,  S\>(C^^^+SH^O,  is  obtained  by 
heating  ethyl  iodide  triethylstibine,  and  water  together  to  100". 
On  slowly  eTap<»iiting  the  solution,  the  componnd  oiyatalUses 
in  hexagonal  jaisms,  but  eeparates  out  in  needles,  when  a  bot 
solution  ia  quickly  cooled.  This  compound  is  always  formed  as 
a  by-product  in  the  j«eparation  of.  triethylstibine. 

Other  salts  of  tlds  group  have  been  prepared.  They  are 
crystallizable,  but  have  not  been  accurately  investigated. 

TetraelAyhtiboniim  Eydrondphide,  SbCC^H^^SH,  is  obtained 
by  the  action  of  sulphuretted  hydrogen  on  the  hydroxide.  It 
b  an  oily  liquid,  miscible  with  water,  which  behaves  towards  the 
metallic  salts  like  potassium  hydrosulphide. 

In  addition  to  the  above,  certain  MetkyUriUhyl  stiboidum  com- 
pownda  have  been  prepared  and  examined  by  Friedliinder.' 


BISMUTH  COMPOUNDS  OP  ETHYL. 

389  TnethyUnamuthine,  Bi(CjH^„  was  obtained  by  Breed*  by 
the  action  of  ethyl  iodide  on  an  alloy  of  bismuth  and  potassium, 
and  [^terwards  examined  more  particularly  by  Dtinhaupt.'  It 
is  a  mobile  liquid  having  a  specific  gravity  of  1'82,  possessing  a 
very  unpleasant  smell,  and  producing,  when  inhaled,  a  burning 
taste  on  the  tip  of  the  tongue.  Exposed  to  the  air,  it  evolves 
thick  yellow  fumes,  which  ignite  with  a  slight  explosion.  It  is 
not  volatile,  but  if  it  is  heated  by  itself  it  begins  to  decompose 
at  50°  to  €0°,  with  separatioa  of  bismuth  and  evolution  of  a 
combttstible  gas,  and  when  the  temperature  reaches  150° — 160* 
a  sharp  explosion  takes  place. 

Ethyl-Bigmvih  Oxide,  Bi(CjH5)0,  is  obtained  from  the  corre- 
sponding iodine  compound  by  [H«cipitation  with  caustic  potash  as 
an  amorpJious  yellow  powder,  which  takes  lire  on  exposure  to  air. 

Ethyl-Bigmuth  Chloride.  Bi(C^CI,.  is  formed  by  the  action 
of  a  warm  alcoholic  solution  of  corrosive  sublimate  on  a  dilute 
solutioD  of  txiethyl  bismathine  in  alcohol ; 

Bi(C^^,  +  2  HgClj  =  BiCCjHj)Cl,  +  2  Hg(C,HOa 
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Od  cooling,  ethjlmercury  chloride  first  sepamtes  out,  and 
then  the  mother-liquor  yields  on  evaporation  small  white  crjsUU 
of  ethf  Ibismuth  chloride. 

Blhyl-Bivmvih  Iodide,  Bi(C,HJIp  is  formed  by  the  double 
decomposition  of  the  chloride  with  potaauum  iodide.  It  is 
scarcely  soluble  in  water,  and  crystallizes  from  alcohol  in  yellow 
six-sided  scales. 

Ethyl-BiamiUh  Niirate,  Bi  CjH,  (NO^^  is  obtained  by  the 
action  of  an  alcoholic  solutioa  of  nlrer  nitrate  on  the  iodide. 
When  evaporated  on  the  water-bath,  the  aolution  deposits  basic 
bismuth  nitrate,  but  on  evaporating  the  liquid  in  a  vacuum,  a 
striated  crystalline  mass,  having  an  unpleasant  metalhc  taste,  is 
obtained.  This  has  a  smell  of  rancid  butter,  and  decomposes 
with  deflagration  when  heated  to  40^ 


BORON  COMPOUNDS  OP  ETHYL. 

290  These  compounds,  discovered  and  investigated  by  Frank- 
land,'  have  a  special  interest,  inasmuch  as  they  have  not  only 
led  to  the  recognition  of  the  quantivalence  of  boron,  but  have 
also  painted  the  way  to  a  new  method  for  detenoining  this 
element  quantitatively. 

Trietkylborine  or  Borelhyl,  B(C,Hj)g,  is  formed  by  the  action 
of  zinc  ethyl  on  ethyl  borate  (see  p.  367) : 

3  ZnCC.Hj),  +  2  BCbCjH^,  -  2  B(CiHg),  +  3Zn(0C,HJr 

Triethylborine  is  also  formed  when  the  vapour  of  boron 
trichloride  is  passed  into  zinc-ethyl. 

It  is  a  colourless,  easily  mobile  liquid,  having  a  penetrating 
smell.  Its  vapour  acts  violently  upon  the  mucous  membrane, 
and  provokes  a  copious  flow  of  tears.  It  boils  at  95°,  and  at  23° 
has  a  specific  gravity  of  06961,  that  of  its  vapour  being  3400. 
When  the  vapour  comes  in  contact  with  air,  it  forms  a  slight 
bluish-white  smoke,  which  when  in  the  dark  is  seen  to  be 
caused  by  a  lambent  blue  flame.  The  liquid  is  spontaneously 
inflammable  in  air,  burning  with  a  beaatifiil  green  and  some- 
what fuliginous  flame.     In  contact  with  oxygen  it  explodes. 

Boron  IHethyUthoKide,  B(CjHi)jOCjH^  is  formed  when  one 
molecule  of  ethyl  borate  is  acted  upon  by  two  molecules  of  zinc- 
ethyl     It  is  a  colourless,  mobile  liquid,  possessing  an  ethereal 

»  Fka.  Tnuu.  1862,  put  I.  ^  167 ;  iVoe.  Siry.  Son.  ht.  185  (18H). 
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amell,  and  a  Bliarp  taate.  It  boils  at  102*,  and  takes  fire  od 
exposure  to  the  air,  baming  with  a  greeo,  slightly  luminous 
flame.  The  specific  gravity  of  ita  vapour  is  3914.  In  contact 
with  water  it  ia  converted  into  Soron  IHetkylhydroaride, 
B(CjHj)jOH,  a  liquid  which  also  takes  fire  spoutaneously,  and 
decomposes  on  heating ;  it  has  an  ethereal  smell,  and  a  sharp, 
pungent  taste. 

This  latter  body  slowly  absorbs  oxygen  on  exposure  to  air,  with 
formation  of  liortm,  Ethyl-hydnuethamde,  B(C,Hj)(OC,Hj)OH, 
a  colourless  and  mobile  liquid,  which  crystallizes  about  8",  and 
smells  like  borethyl,  and  has  a  sharp  taste.  On  treatment 
with  water,  it  decomposes  with  formation  of  alcohol  and  ethyl 
boric  acid,  B(CjHJ(OH)j,  a  crystalline  and  volatile  body,  pos- 
sessing an  intensely  sweet  taste  and  a  pleasant  ethereal  smell. 
When  heated  in  a  current  of  carbon  dioxide  to  100°,  it  sublimes 
in  splendid  crystals  closely  resembling  those  of  napthalene. 
Although  the  compound  has  au  acid  reaction  no  salts  have  been 
obtained  &om  it. 

£oron  Stho-diethamde  B(C^j)(OC^j),,  is  formed  by  the  slow 
action  of  the  air  on  borethyl.  It  is  a  colourless  liquid,  which 
may  be  distilled  under  diminished  pressure  with  only  partial 
decomposition.  It  is  decomposed  at  once  by  water  with  forma- 
tion of  alcohol  and  ethylboric  acid,  which  was  first  obtained  in 
this  way. 

Z>iboron  Ethopenteihoxide,  B,(G,H^COC,Hb)i,  is  formed  by  heat- 
ing two  molecnles  of  ethyl  borate  with  one  of  zinc  ethyl.  It 
is  a  colourless  mobile  liquid,  having  a  sweet  taste,  and  a 
faint  ethereal  odour.  It  boils  at  112*,  and  distils  without 
decomposition,  but  its  vapour-density,  which  was  found  to  be 
278,  indicates  that  its  vapour  is  a  mixture  of  ethyl  borate,  and 
boron  ethodiethoxide : 

B,(C,HJCOC,HJ.  -  (C^0B(O0,HJ,  +  B(OCjaO, 

Water  decomposes  it  into  boric  acid,  ethylboric  acid,  and 
alcohol 

Ammonio-boric  Stkide,  B(CiHj),NHj.  Borethyl  absorbs 
ammonia  with  avidity  with  formation  of  the  above  compound, 
which  is  an  oily  hquid,  having  an  aromatic  smell  and  an 
alkaline  reaction.  Carbon  dioxide  does  not  act  upon  it  ereu 
in  the  presence  of  water,  but  it  is  decomposed  by  acids.  Its 
▼apoor-deosity  has  not  been  determined,  although  that  of 
ammonio-boric  methide  has  been  ascertained,  and  in  this  case 
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the  Tapotir-denBtty  corresponds  to  that  of  a  mixture  of  equal 
molecules  of  its  components.  From  tbia,  as  well  as'  [h>m  the 
vapour-density  of  the  pentaethylate,  it  -would  appear  that  triad 
boron  may,  like  the  elements  of  the  nitoogen  group,  occur  in 
the  pentatomio  condition.  Hence  the  above  compounds  in  the 
liquid  state  have  the  following  constitution : 

AmmoiUD-boioB  Uethids.  Boroa-etbapv&tBtboiddB; 

H     CH,  OCjH,  OCjHs 

H— N  =  B— CHj  CjHj— B  =  B— OCjETg 

H     CH,  OC,H,  OC^ 


SILICON  COMPOUNDS  OF  ETHYL. 

391  Silicon  Tetraethide,  Hiip^^f^  was  discovered  by  FrieSel 
and  Grafts,'  and  is  obtained  by  heaUng  anc-«thyl  with  silicon 
chloride  to  160° : 

2  Zn(C,HJ,  +  SiCl.  -  2  ZnCl,  +  Si(fl^^^ 

The  reaction  is  complete  in  three  hours,  and  on  opening  the 
tube  a  considerable  quantity  of  a  gaseous  hydrocarbon  issues, 
which  bums  with  an  almost  non-luminous  &une.  The  residue, 
on  distillation,  yields  silicon-ethyl,  whilst  zinc  chloride  and 
metallic  zinc  remun  behind.  The  distillate,  which  also  con- 
tains silicon  tetrachloride  and  a  hydrocarbon,  is  treated  with 
water,  dried,  and  the  liquid  subjected  to  fractional  distillatioo. 

Silicon-ethyl  is  a  colourless  liquid,  lighter  than  water,  boiling 
at  152° — 154°,  and  possessing  a  specific  gravity  of  O'SSil  (Laden- 
burg),  whilst  the  specific  gravity  of  its  vapour  is  513.  It  is 
easily  inflammable,  and  bums  with  a  luminous  flame,  emitting  a 
white  cloud  of  silica.  It  is  not  attacked  either  by  potash  w 
nitric  acid,  and  with  chlorine  it  forms  substitution  products. 
In  these  properties  it  closely  resembles  the  paraffins.  It  may, 
indeed,  he  regarded  as  nonane,  C,Hjg,  in  which  one  atom  of 
carbon  is  replaced  by  silicon,  and  may  therefore  be  termed 
silico-nonane,  or  tetraethyl-ailicomethane. 

I  Bull.  Soc.  ClUm.  y.  iJi,  !3S ;  Ana.  Cfttm.  Bigs.  {4],  ilx.  S34. 
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Silicon  Saxihyl  or  Sextthyl-^icoethane,  (CjH()8Si— Si(C^j)3, 
is  formed  l^  the  action  of  zinc-ethyl  on  silicon  tri-iodide  (vol.  i. 
563).  It  is  an  oily  liquid,  in  smell  Bcmiewhftt  resembling  silicon 
tetraethyl,  and  boiling  at  250' — 253°.' 

Bili€o-non^l  Compounds. — The  chloride,  SiCgHj^CI,  ia  the  first 
product  of  the  action  of  chloiine  on  silicon-ethyl.  At  the  same 
timeother  isomeric  compooods  are  formed  from  which  the  mono- 
chloride  boiling  at  185°  can  only  be  separated  with,  difficulty.  It 
is,  however,  easy  to  prepare  the  corresponding  alcohol,  inasmuch 
as  if  the  portion  of  the  crude  product,  boiling  between  180°  and 
200%  be  heated  with  potassium  acetate  and  alcohol,  the  dicblor- 
silico-nonane  present  is  alone  attacked.  An  oily  liquid  separates 
out  from  the  contents  of  the  tube  on  addition  of  water,  and  this 
is  treated  with  strong  sulphuric  acid,  which  leaves  silico-nonyl 
chloride  unattaoked.  The  liquid,  which  then  is  still  not  pure, 
and  boils  between  180'— 190°,  is  heated  to  180°  for  some  hours 
with  an  akiobolifl  solution  of  potassium  acetate,  when  the 
acetate  ia  formed.  This  compound  boils  at  208°— 214°,  and  has 
a  £unt  smell  like  acetic  acid  i  and  when  it  is  heated  with  a 
solution  of  potash  in  dilute  alcohol  to  120" — 130°,  silico-nonyl 
alcohol,  SiCgH„.OH,  is  obtained.  This  ia  a  liquid  insoluble  in 
water,  having  a  smell  like  camphor,  and  boiling  at  190."  Sodium 
dissolves  in  this  alcohol  with  evolution  of  hydrogen,  and  the 
formation  of  gelatinous  sodium  eilico-nonylate,  which  is  decom- 
posed by  water  into  the  alcohol  and  caustic  soda.' 

Silico-heptyl  Compounds. — When  zinc-ethyl  ia  allowed  to  act 
on  ethyl  silicate,  a  reaction  takes  place  which,  however,  soon 
ceases.  If  sodium  be  added,  a  violent  action  hegina  even  at  the 
ordinary  temperature,  zinc  separating  out  and  a  considerable 
evolution  of  gas  occurring.  The  following  products  are  thus 
obtained : 

B.P. 
Ethyl  orthoeilicoiKopioDate,    SiC,Hs(OC,Hj)j        166°-5 
Diethyl  silicon-diethyl-oxide,  Si(CfHj)j(OC^j    159° 
Ethyl  silocobeptyl-oxide,  Si(C,Hj}jOCjH,         ISS'a 

SUicon  ethyl,  SiCCjH,).  153° 

Siliooheptane,  Si(C^s),H  107* 

SUicoh^pCaue  or  Trieihylailico-methaM,  Si{CgHs),H,  is  the  last 
product  of   the  above  reaction,  and  is  formed,  together  with 
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ulicon  ethyl,  from  l^e  ethyl  Bilicobeptji-oiide,  this  giving  o£F 
oxygea  and  ethyleue.  It  is  a  colourless  liquid  boiling  at  107°, 
havit^  a  specific  gravity  of  07510  at  0°,  and  possessing  a  Bmell 
resembling  the  petroleum  hydrocarbons.  It  is  insoluble  in 
water  and  in  concentrated  sulphuric  acid,  does  not  undergo 
alteration  in  the  air,  and  ia  easily  inflammable,  bunting  with 
a  luminous  flame.     Tbe  specific  gravity  of  its  vapour  is  4*1. 

This  compound  contuna  one  atom  of  hydrogen  in  direct  com- 
biuation  with  silicon,  and  hence  tbis  should  possess  the  pro- 
perties of  tbe  hydrogen  in  silicon  hydride ;  and  this  ia,  indeed, 
tbe  case,  for  whilst  silicon  ethyl  or  silicononane  is  not  attacked 
by  fuming  nitric  acid,  silicoheptane  is  oxidized  at  once  with 
explosive  violence  by  tbis  acid. 

392  Saicoheptyl  Alcohol  or  Tridhylgaicol,  Si(C,HJ,OH.  This 
singular  compound  is  of  great  theoretical  interest,  as  it  is  the  first 
example  of  a  silicon  alcohol  It  is  a  tertiary  alcohol  which  not 
only  in  its  constitution,  but  also  in  moat  of  its  properties,  may 
be  considered  to  be  triethyl-carbinol,  in  which  one  atom  of 
carbon  has  been  replaced  by  ulicon.  It  is  obtained  by  the 
action  of  the  corresponding  chloride  on  dilute  ammonia : 

Si(C^5)Ba  +  KH,  +  HjO  =  Si(C^j),OH  +  NH.CL 

Triethylsihcol  is  a  colourless  thick  liquid,  insoluble  in  water, 
baring  a  strong  smell  resembling  camphor,  boiliug  at  154°,  and 
having  a  specific  gravity  of  0*8709  at  0°,  and  a  vapour- density 
of  4'67.  It  is  easily  combustible,  burning  with  a  luminous 
flame,  and  leaving  a  residue  of  silica.  When  treated  with 
fuming  sulphuric  add  the  following  decomposition  occurs : 

(C,Hb)jSiOH  +  SO,  =  CjHjSiO.H  +  2  CjH^  +  H,  +  SO^ 

This  oxidation  is  very  similar  to  that  which  the  tertiary 
alcohf>]s  undergo.  'Ilie  sihcopropionic  acid,  which  is  formed 
at  the  same  time,  will  be  described  hereafter, 

Silicol  fornu  with  sodium  the  very  deliquescent  compound 
(CjH^gSiONa.  If  carbon  dioxide  be  passed  into  au  ethereal 
solution  of  silicol,  another  amorphous  deliquescent  compound, 
(OjH^jSi-O.CO.ONa,  is  deposited.  This  sodium  silicobeptyl 
carbonate  leaves,  on  ignition,  a  residue  of  pure  sodium 
carbonate : 

2  (C,Hj)^iCO,Na  =  [c^H^S  }  0  +  CO,  +  Na,CX)r 
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or  Trw^Ayisi/Mon  EthyltUe,  J         t^jas  J  "^ 

of  reduction  of  ethyl  silicate.  It  is  a  pleaeoutly  smelling 
liquid,  boiling  at  153",  insoluble  in  water,  and  undergoing 
no  change  on  exposure  to  air.  When  heated  with  acetyl  oxide 
(acetic  anhydride)  for  some  time  in  closed  tubes  to  250°,  the 
following  reaction  takes  place  : 

The  silicoheptyl  acetate  thus  formed  is  a  liquid  boiling  at 
168°,  and  having  a  pleasant  ethereal  smell,  resembling  at  the 
same  time  camphor  and  acetic  acid.  By  beating  it  with  a 
solution  of  sodium  carbonate  it  is  converted  into  txiethyl- 
silicoL 

Silicoheptyl  Oxide,  >p*tt^\|  [  0.     This  ether  was  discovered 

by  Friedel  and  Crafts,  and  obtained  as  a  by-product  in  the 
preparation  of  silicon-ethyl.'  It  was  afterwards  obtained  by 
Friedel  and  Ladenburg,  by  acting  with  zinc-ethyl  on  silicon  oiy- 
cBloride,  SijClfO.*  It  is  also  obtained  from  triethyl-silicol  by 
removing  from  this  body  the  elements  of  water,  either  by  means 
of  sulphuric  acid  or  phosphorus  pentoxide.  It  is  likewise 
formed  by  the  action  of  caustic  potash  on  silicoheptyl  chloride, 
and,  lastly,  by  heating  ethyl-silcoheptyl  oxide  with  hydriodic 
acid: 

2Si(0jH^.}0  +  2HI  -  Ig^^'Jo  +  2C.H.I  +  H.O. 

It  is  a  thick,  colourless,  almost  odourless  liquid,  boiling  at 
231',  and  having  at  0°  a  specific  gravity  of  08590. 

Siiicdieptyl  CMsride,  (C^Hj^gSiCl,  is  formed  by  heating  ethyl 
silicoheptyl  oxide  with  acetyl  chloral  for  some  hours  to  180* : 

tC,H^^i  J  0  ^  C,H,0a  =  (C^^^iOl  +  *^^J  o. 

It  is  a  colonrlesB  liquid,  fuming  on  exposure  to  air,  and 
possessing  a  penetrating  camphor-Uke  smell,  and  burning  with 
a  luminous  green-mantled  flame,  It  boils  at  143'''5,  has  a 
specific  gravity  at  0°  of  09249,  and  is  slowly  decomposed  t^ 
water. 


'  Avh.  Chm.  FlmrM.  cxxniii.  IS.  ■  Bnd.  cxlvii,  366. 
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Silicoheptyl  S'omide,  (C,H^,SiBr.  Bromine  acts  Tiolentl; 
on  silicoheptane,  and  hence  it  must  only  be  added  drop  by 
drop,  and  tbe  mixture  well  cooled.  The  bromide  Is  a  liquid 
boihng  at  161°,  and  possessing  properties  analogous  to  the 
chloride. 

SUicon-dUtkyt  Compounds.  When  equal  molecules  of  ethyl 
sUicate  and  zinc-ethyl  are  heated  in  a  closed  tube  with  sodium 
the  chief  product  consists  of  st/icon  di^hyl-tiher  or  diethylsilicon- 
duihylaU,  Si(C^^j(OC;B(),  This  is  a  pleasantly  smelling 
liquid,  boiling  at  155'':8,  and  having  at  0°  a  specific  gramty 
of  0-8762,  and  a  vapour-density  of  602. 

"When  heated  with  an  acid  chloride  under  pressure,  the  oxy- 
ethyl  groups  are  replaced  one  after  another  by  chlorine.  The 
compound  which  is  first  formed,  (CjH^^i(OC^^Cl,  is  a  liqnid 
fuming  strongly  in  the  air,  boiling  between  146°  and  148°,  and 
being  slowly  decompoBed  by  water.  DietkyUilicon  duAloride, 
(CgH^fSiCl],  boils  at  128°— 130°,  possesses  a  smell  resemUing 
sihcon  chloride,  snd,  like  this  compound,  fumes  in  the  air,  and 
is  decomposed  by  water  with  formation  of  dieihylailico-lxtont, 
(CjH5)jSiOj  This  latter  compound,  previously  obtained  by 
Friedel  and  Crafts  by  the  oxidation  of  ailicoD-ethyl,  is  also 
formed  when  silicon-diethyl  ether  is  heated  with  hydriodic  acid : 

.  Si(C^s)^OG,H,),  +  2  HI  -  Si(C,HJ,0  +  2  C,HsI  +  H,0. 

It  is  a  deliquescent  syrup,  insoluble  in  water,  which  can 
be  distilled  at  a  high  temperature  without  decompoeiUon. 
At  —15°  it  does  not  acidify,  and  it  is  a  substance  possessing  few 
characteristic  properties. 

SUicon-monetkyl  Compoundt,  The  first  product  of  the  action 
of  zinc-ethyl  and  sodium  on  ethyl  silicate  is  Tnonc^y/ m^tne  eiktr, 
or  OTthosilico  jrropimie  ether,  C(HjSi(OC,Hj)y  This  body  was 
discovered  by  Friedel  and  Ladenbuig,'  and  prepared  in  a  similar 
way  by  the  action  of  zinc-ethyl  and  sodium  upon  triethylgUico- 
chloToformate,  SiCl(OC^j)y  It  is  a  pleasantly  smelling  liquid, 
boiling  at  159°,  and  having  a  vapour-density  of  692.  When 
heated  with  acetyl  chloride  under  pressure  it  forms  etkylsilieon 
trichloTide,  CgH^SiCl^  a  strongly  refracting  liquid,^  boiling  at 
about  100°,  which  is  decomposed  by  water  wiUi  violence  into 
silicopropionic  and  hydrochloric  acida. 

CjH(SiCl,  +  2  H,0  =.  C^^SiOjH  +  3  HCl. 

'  Ah».  CT«n.  Pharm.  cilii.  259. 
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SUicoprepionie  acid,  which  is  thus  formed,  is  also  produced 
by  warmiiig  ethyl  ortbouUcopropiooate  or  diethyl  silico-ketone 
with  concentrated  potash.  A  better  plan,  however,  is  to  warm 
the  ortho^ther  with  concentrated  hydriodic  acid : 

C,H,Si(OC,HJj  +  3  HI  =  C,H,SiO.OH  +  30jH,I  +  H,0. 

It  is  a  white  amorphous  powder,  which  on  heating  becomes 
iociindesceiit,  leaving  behind  silica  containing  finely  divided 
carbon.  The  acid  is  eoluble  in  caustic  potash,  and  is  precipi- 
tated from  the  solution  either  by  hydrochloric  acid  or  by  aal- 


Ethyl  silicate  ia  not  attacked  at  the  ordinary  atmospheric 
pressure  when  hsated  with  zinc-methyl  and  sodium.  If,  however, 
ethyl  silicate  be  heated  with  zinc-methyl  gradually  to  300'  in 
closed  tubes,  ethyl  orthoailico-acetate,  CH^i(OCjHj)^  is  formed. 
Tbis  is  a  liquid  boiling  between  145'  and  151°,  and  which,  when 
heated  with  hydriodic  acid,  ia  converted  into  orthosUietMieetie 
acid,  CH,SiO.OH,  a  body  which  closely  resembles  orthosilico- 
propionic  add.' 


COMPOUNDS  OF  ETHYL  WITH  THE  METAL& 

BEBTLLTini  Ethide,  Be(C,HJ,, 

393  la  formed  by  heating  ciyatallized  beryllium  with  mercuiy- 
ethyl  to  130'.  It  ia  a  colourless  liquid,  which  fumes  ia  the 
air,  and  takes  fire  when  slightly  warmed.  It  boils  at  185° — 
188*,  and  is  decomposed  by  water  with  violence,  beryllium 
hydroxide  being  produced.* 

Maghesiuu  Ethide,  MgCC^Hg),, 

l3  fjrmai  by  heating  ethyl  iodide  with  magnesium  filings  to 
120' — 130°.  Itia  a  colourless,  very  mobile  liquid,  posaeaaing 
a  strong  alliaceous  odour.  It  takes  fire  when  exposed  to 
air,  and  is  violently  d9Composed  by  water  with  formation  of 
1  hydroxide.' 

'  Lad«nbui^,  Ann,  Chen.  T^crm.  dnlE.  IfS. 
■  Caboom,  Anit,  \.hirn.  Phy$,  \Z\  iTui.  6. 
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Zinc  Etridk,  oh  Zinc-Ethyi,  Zii(CjHJj. 

394  This  important  compounil,  which  has  already  frequently 
been  mentioQed,  was  discovered  on  the  12th  Juue,  1849. b;  Frank- 
land,'  in  Bunsen'a  laboratory  in  Marburg,  at  the  same  time  as 
zinc-methyl.     He  obtained   it  by  heating  ethyl  iodide  with  an 
excess  of  finely  granulated  sine  in  a  strong 
tube  drawn  out  to  a  capillary  point,  as  in 
Fig.  89.     As  soon  as  the  zinc  is  introduced, 
the  tube   ia  drawn   out,  as  shown   in   the 
,  figure,  and  then  it  is  warmed,  and  the  point 

a  dipped  into  ethyl  iodide,  which,  wheu  the 
air  cools,  rises  into  the  tube.     This  is  then 
*  boiled  80  as  to  drive  out  the  air,  and  ^ain 

inserted  into  the  iodide,  the  requisite  quantity 
of  which  can  then  be  introduced.  The  tube 
is  melted  off  at  the  point  b,  and  as  soon  as 
the  reaction  is  complete,  the  point  is  softened 
in  the  fiame  of  the  blowpipe,  and  the  gases 
allowed  to  escape  as  gradually  as  possible. 

This  method  is,  however,  not  adapted  for 
preparing  zinc-ethyl  on  a  lai^e  scale,  as  the 
employment    of   glass    tubes    of   sufficient 
dimen^ons    under   so   high   a    pressure   is 
Fio.  89.  accompanied  by  oonaiderable  danger.   Frank- 

land,  who  was  then  Professor  in  Owens 
College,  obtained  from  James  Nasmyth  an  apparatus  of  such 
strength  that  the  preparation  of  the  substance  could  be  con- 
ducted on  a  large  scale  without  fear  of  explosions  occurring. 

This  apparatus  although  not  now  used  in  the  manufiicture 
of  zinc-ethyl  meiits  description  as  having  done  good  service, 
and  being  of  historical  interest.  It  consistsof  a  tube  of  wrought 
copper  (u,  Figa  90,  91)  45  cm.  in  length  and  3  cm.  internal 
diameter,  the  sides  being  1'25  cm.  in  thickness.  Tliis  tube 
is  closed  at  bottom  by  a  screw-plug,  and  is  furnished  at  top 
with  a  brass  flange  (J  b),  which  can  be  closed  by  the  brass  cap 
{(id),  which  screws  on  to  a  lead  collar.  A  stopcock  placed  in 
the  position  of  the  screw-plug  (e)  serves  as  an  outlet  for  the 
generated  gases  or  for  distilling  off  the  liquid  formed.  This 
digester  is  heated  by  means  of  a  cylindrical  oil-bath  (Figs.  92 
and  93)  heated  by  a  suitable  gas-lamp. 

1  Chem,  Soe.  Jmim.  ii  197 ;  FhU.  Ttom.  cIit.  3GBl 
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An  equal  volume  of  anhydrous  ether  was  added  byFraokland 
to  the  ethyl  iodide,  as  this  accelerates  the  reaction,  prevento 
the  formation  of  large  quantities  of  gaseous  products,  and  largely 
increases  the  yield  of  zinc-eth^  (Brodie).^ 

Pebal '  afterwards  found  that  zinc  which  had  been  once  acted 
upon  by  ethyl  iodide,  or  which  had  been  washed  with  sulphuric 
acid,  attacked  the  iodide  undM*  the  ordioary  atmospheric  pres- 
sura  Bieth  and  Beilsteia*  employed  in  place  of  zinc  an  alloy 
of  this  metal  with  sodium,  obtained  by  heating  4  parts  of  zinc 
to  the  boiling-point  and  then  adding  1  part  of  sodium,  the 


Fia.  90.  Fio.  9L 

whole  being  well  mixed,  poured  out,  and  when  cold  the  outer 
layer  cut  off,  and  the  last  traces  of  free  sodium  being  got  rid  of 
by  washing  with  water.  It  is  not  necessary  in  this  case  to  add 
ether.  Beilstein  and  Alexejeff*  afterwards  noticed  that  the 
reaction  takes  place  easily  when  a  mixture  of  one  part  of  this 
alloy  is  heated  with  8  parts  of  zinc  turnings  and  10  parts  of 

'  Jiiunk  Chem.  Soe.  iiL  iOt, 

'  jinn.  Cham.  Fharm,  czTiii.  7S;  en.  194  ;  cxxL  105. 

>  ^H*.  CAem.  Pharm.  czxiiL  S4S  ;  exAv.  24S. 

*  Ztilkk.  Ckmn.  1364,  101  ;  BmU.  Sot.  CMm.  [2],  ii.  H. 
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ethyl  iodide.  Wichelhaus  ^  found  that  the  addition  of  the  alloy 
ia  Dot  necessary,  and  recommends  zinc  to  be  used  in  the  form 
of  coarse  filings.     Chapman '  has  shown  that  the  reaction  takes 


place  more  quickly  if  to  the  mixture  a  small  quantity  of  c 
ethyl  be  added. 
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ZINC  ETHIDE.  4fi9 

In  order  to  prepare  zinc-ethyl  according  to  one  of  the  lattor- 
meotioned  metliods  the  apparatus  Fig.  91  is  used,  already  de- 
scribed under  Zinc-methyl  (see  p.  248).  This  is  filled  with  carbon 
dioxide,  and  slmt  off  at  c  with  a  email  quantity  of  mercury. 
It  13  heated  in  a  water-bath  BO  long  as  the  iodide  of  ethyl  is 
condensed  in  the  receiver,  and  continues  to  ruft  back  into  thd 
fla^,  tbis  process  generally  lasting  from  two  to  three  hours.- 
The  gasea  which  are  continaally  evolved  escape  through  the 


ehort  column  of  mercury.  They  consist,  according  to  Beilstein 
and  Rieth,  of  a  mixture  of  ethane,  ethylene,  nnd  butane, 
formed'  by  the  action  of  iodide  of  ethyl  on  the  zinc-ethyl,  and 
their  quantity  is  considerably  increased  if  the  zinc  is  not 
present  in  escess.  In  order  to  carry  out  the  operation  success- 
fully it  is  absolutely  necessary  that  no  trace  of  moisture  shall 
be  present  either  in  the  materials  employed  or  iu  the  apparatus, 
as  othefwise  tlie  reaction  is  much  retarded.  Extraordinary 
care,  therefore,  in  freeing  the  materials  perfectly  from  moisture 
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is  amply  repaid  in  the  iocreaaed  quantity  of  the  product 
(Frankland).  When  the  reaction  is  complete,  the  flask  coa- 
tains  a  solid  maaa  consisting  of  excess  of  zinc  t<^ther  with  a 
compound  of  zinc^thyl  and  zinc  iodide,  having  the  composition 
Zn(CjHj)I.  The  flask  is  then  connected  -with  the  upper  part 
of  the  condenser,  and  placed  in  a  para£Bn-  or  oil-bath,  a  current 
of  carbon  dioxide  being  led  in  through  the  stopcock  A,  and  the 
zinc-ethyl  which  distils  over  being  collectetl  in  a  vessel  provided 
with  a  mercury  valve.  The  whole  must  be  at  last  heated  to 
180*  in  order  to  decompose  the  above-mentioned  compound : 

The  method  proposed  by  Gladstone  and  Tribe '  for  the 
preparation  of  zinc-methyl  (p.  246)  is  also  recommended  for  that 
of  zinc-ethyl,  oa  the  following  experiment  shows.  Ninety  grams  of 
zinc  filings  and  10  grams  of  reduced  copper  are  placed  in  a  flask 
of  300  CO.  capacity,  and  heated  over  the  flame  of  a  Bunsen's 
burner  for  about  five  minutes  until  the  whole  counts  of  dark- 
grey  small  granular  masses,  care  being  taken  not  to  heat  the 
metals  so  as  to  form  an  alloy.  The  mass  is  then  allowed  to  cool, 
and  87  grams  of  ethyl  iodide  added,  and  the  whole  warmed  in 
connection  with  a  reversed  condenser  to  90^  when  in  a  few 
seconds  the  reaction  begins,  and  ia  completed  in  fiEleen  minutes. 
On  heating  in  the  oil-bath,  in  an  atmosphere  of  hydrogen,  the 
distillation  of  zinc-ethyl  began  at  160°,  and  after  an  hour  the 
whole  had  passed  over.  In  this  way  31  grams  was  obtained 
instead  of  the  calculated  quantity^  34*3,  or  90  4  per  cent,  whilst 
in  the  older  operations  not  more  than  80  per  cent,  of  the  quantity 
is  obtained. 

An  improved  method  of  jHeparatinn  now  employed  in 
FrofeSEor  Frankland's  labomtory  ia  first  to  heat  the  zinc  filings, 
after  they  have  been  washed  with  acid,  strongly  in  a  glass 
flask,  BO  as  to  decompose  all  the  hydroxide.  2*>ext,  to  add  an 
equal  weight  of  ethyl  iodide  and  a  single  crystal  of  iodin^  and 
heat  gradually  to  about  90°  with  a  reversed  condenser.  As 
soon  as  no  ethyl  iodide  is  seen  to  run  back,  the  whole  is  allowed 
to  cool,  and  a  bent  tube  is  attached  to  the  flask,  the  zinc-ethyl 
being  distilled  &om  an  oil-bath.  In  this  way  zinc-ethyl  can 
be  easily  prepared  in  any  quantity. 

Properties.  Zine-ethjl  is  a  colourless,  mobile,  highly  lo- 
>  Joum.  Chtrn,  Soc  1879,  i  C71. 
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fracting  liquid,  possessing  a  peculiar  but  not  unpleasant  emeli, 
boiling  at  118°,  and  having  a  specific  gravity  of  1*182  at  16'. 
It  takea  fire  at  once  on  exposure  to  air,  burning  witha  luminous 
gieen-mantled  flamo  and  evolving  dense  white  fumes  of  zinc 
oxide.  If  a  porcelain  capsule  be  held  in  the  flame,  a  black 
«pot  of  metallic  zinc  is  formed,  surrounded  by  a  deposit  of  the 
white  oxide.  Zinc-ethyl  takes  fire  instantly  in  chlorine,  burning 
with  apale  smoky  flame.  When  brought  in  contact  with  bromine, 
a  violent  explosion  occurs ;  but  vhen  the  action  is  modemted, 
ethyl  bromide  and  zinc  bromide  are  formed.  Iodine  acts  in  a 
similar  nay,  and  if  ether  be  not  employed  as  a  diluent  a  violent 
decomposition  takes  place  with  evolution  of  light  and  heat. 

Zinc-Ethtl  CoMPOTnroa. 
395  Zine-Ethyl'Ethoxvle,  CjH,Zn(OCjHJ.  "When  dry  oxygen 
is  passed  into  an  ethereal  solution  of  zinc-ethyl  it  is  absorbed, 
and  the  vessel  becomes  filled  with  thick  white  vapours,  which 
disappear  as  soon  as  one  atom  of  oxygen  haa  been  employed  for 
every  molecnle  of  zinc-ethyl.  The  compound,  which  is  in- 
soluble in  ether,  has  not  been  accurately  studied.  It  appears 
olso  to  be  formed  by  the  action  of  zinc-etbyl  on  absolute  alcohol' 
Water  decomposes  it  according  to  the  following  equation : 

^^  {  0&  +  2  H,0  -  Zn  {  °g  +  HO.O,H.  +  C.H.. 

By  the  further  action  of  oxygen  on  the  ethereal  sohition  of 
ano-ethyl,  xiiuyeihoxide  or  titic  dielhylatr,  Zn(OCjH,^,,'  a  com- 
pound already  mentioned,  is  formed  as  a  white  powder,  which 
is  decomposed  by  water  with  evolution  of  gas. 

jZin-t^-amine.  If  dry  ammonia  be  passed  into  an  ethereal  solu- 
tion of  zinc-ethyl,  ethane  is  evolved,  and  zinc-amine,  Zn(NHj)» 
is  produced  in  the  form  of  a  white  amorphous  precipitate : 

Water  and  alcohol  decompose  this  compound  instantly,  with 
formation  of  ammonia.  When  heated  with  ethyl  iodide  to  150' 
diethylammouiumiodide  is  produced.  At  a  red-heat  zincamide 
decomposes  into  ammonia  and  rinc-nili-ide.  N^Zn^  a  grey  non- 
volatile infusible  powder,  which  decomposes  water  with  forma- 
tion of  ammonia  with  such  energy  that  it  becomes  red-hot  on 
being  moistened. 
*  liMenk^  Ziiltck.  CAon.  liSt,  670.        *  Ftankland,  Phil.  Traat.  1S55,  307. 
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If  sinc-elhyl  oDd  diethylamine  be  heated  together,  rin<!- 
dUtkylamine,^  Zn  i  W(n^!l''  "  P"^<«»d,  and  is  a  body  re- 
aembling  zincamiQe  Id  properties. 

Sodium  Ethide. 

396  If  one  part  of  Bodium  aad  10  parts  of  rinc-ethyl  te  brought 
together  at  the  ordinary  temperature,  the  sodium  dissolves  after 
some  days  completely,  and  an  equivalent  quantity  of  zinc  is 
precipitated.  On  distilling  off  the  excess  of  zinc-etbyl  from  the 
clear  thick  liquid  in  a  current  of  hydrogen,  the  compound, 
NaC^j  +  Zu(CjHs),,  is  obtuned  in  crystals  melting  at  27'.  All 
attempts  to  prepare  pure  Bodium-ethyl  from  this  have  as  yet 
proved  unsuccessful.  When  gently  warmed,  decomposition  takes 
place,  zinc  and  sodium  remaining  behind  and  hydrocarbons 
being  evolved.  If  the  compound  be  heated  with  sodium  in  the 
wat«r-balh  it  also  decomposes  easily.  On  exposure  to  air  it  at 
once  takes  fire,  burning  with  almost  explosive  violence,*  If 
ethyl  iodide  be  added  to  its  solution  in  zinc-ethyl,  the  foUowiog 
reaction  takes  place : 

NaCjHj  +  C^,I  -  Nal  +  C,H.  +  C,H^ 

This  explains  why  sodium-ethyl  is  not  produced  when 
Bodium  is  heated  with  ethyl  iodide,  as  this  substance,  when 
formed,  is  at  once  decomposed  by  the  excess  of  ethyl  iodide 
according  to  the  above  equation.' 

Sodium  ethide  absorbs  dry  carbon-dioxide  with  formation  of 
sodium  propionate  (Wanklyn).  Potassium  acts  on  zinc-ethyl 
even  more  powerfully  than  sodium  does,  a  double  compound 
analogous  to  the  preceding  being  obtained. 

Cadmium  EiHroE,  Cd(C,H,)j, 
Is  formed  by  heating  cadmium  with  ethyl-iodide,  when  the 
compound  of  the  metallic  iodide  with  cadmium-ethyl  is  obtained, 
and  tills  is  decomposed  at  a  tempeiuture  between  180°  and  220°, 
at  which  temperature,  however,  the  cadtnium-ethyl  undergoes 
partial  decomposition.  It  is  a  colourless  liquid,  resembling  zinc- 
ethyl,  is  spontaneously  inflammable,  and  bums  with  the  evolution 
of  brown  fumes.* 

*  FrankUnd,  Pnte.  Roy.  Sot.  riiJ.  fi03. 

*  Wanklyii,  Fkil  Hag.  [i],  iTii.  335. 
■  Fruibland,  Proc  Hot/  Soc.  ii.  StG. 

*  WuUyn,  Quart.  Jimth.  Chtm.  Soe.  ix.  198. 
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Mkecury  Ethide,  Hg(CgH5)j, 
397  Was  first  prepared  by  Buckton,'  hy  the  actioa  of  a 
chloride  on  zinc-ethyl.  It  is  now  obtained  by  a  much  more 
simple  reaction,  according  to  the  method  of  Frankland  and 
Duppa.'  For  this  purpose  a  mixture  of  one  part  of  ethyl  acetate 
and  ten  ports  of  ethyl  iodide  is  shaken  up  with  sodium  amalgam 
containing  0  2  per  cent,  of  the  former  metal : 

Hg  +  Na,  +  2  C,H,I  =  HgCC,H^,  +  2  NaT. 
In  this  case  the  flask  must  be  dipped  frequently  into  cold 
water,  in  order  that  the  temperature  may  not  ri^e  too  high. 
When  a  sufBcient  quantity  of  sodium  iodide  has  been  formed 
to  render  the  mass  thick,  the  acetic  ether  is  distilled  off  from  a 
water-bath,  together  with  the  excess  of  ethyl  iodide,  and  this 
mixture  used  for  a  second  operation.  Water  is  then  added  to 
the  residue.  The  mercury  ethide  which  separates  out  is 
separated  from  the  liquid  and  treated  with  alcoholic  potash, 
washed  with  water,  dried  over  chloride  of  calciam  and  rectified. 
The  part  which  the  acetic  ether  plays  in  this  reaction  is  not 
understood.  No  reaction  takes  place,  however,  unless  it  be 
present,  even  when  ethyl-ether  is  used.  On  the  other  hand,  the 
oUiyl  acetate  may  be  replaced  by  ethyl  formate  or  methyl  acetate. 
None  of  these  ethers  appear  to  suffer  any  alteration,  and  it  is, 
moreover,  remarkable  that  this  reaction  takes  place  the  more 
readily  the  smaller  the  quantity  of  sodium  prescut  in  the 
amalgam.  Mercury  ethide  is  a  colourless  liquid,  having  a 
peculiar  but  not  unpleasant  smell,  boiling  at  159°,  and  having 
a  specific  gravity  of  2  444,  that  of  its  vapour  being  9"97.  It 
is  easily  inflammable,  burning  with  a  luminous  flame,  and  giving 
off  vapours  of  mercury.  It  is  poisonous,  but  acts  mucli  less 
violently  than  mercury  methide,  inasmuch  as  it  is  less  volatile. 

At  the  ordinary  temperature  sodium  acts  slowly  on  mercury 
ethide,  giving  rise  to  a  grey  spongy  mass  which  takes  fire  on 
exposure  to  air,  and  explodes  under  the  most  trifling  change 
of  condition.  When  gently  warmed,  it  yields  a  mixture  of 
ethane  and  ethylene,  from  which  it  would  appear  that  this  body 
contains  sodium>ethyI  (Buckton ;  see  p.  462). 

When  mercury  ethide  is  heated  in  a  closed  vessel  with  granu- 
lated nnc  to  100°,  it  is  completely  converted  into  zinc-ethyl. 
Cadmium  acts  only  slowly  and  incompletely  on  it.  Bismuth, 
on  tho  other  hand,  acts  on  it  somewhat  easily  with  formation 
of  triethyl-bismuthine. 

'  Joam.  Chem.  Sac.  itL  17.  *  Joum.  Chan.  Soc  xvi.  116. 
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MEECUBT-EtHTL  CoiiPOUNDa 


398  The  radical  of  tfaene  compounds,  which  in  the  free  state 
would  hare  the  formula  Hg,(C,H^j,  ia  not  known,  bat  several 
of  its  compounds  have  been  investigated. 

Mereury-Ethyl  Hydroxide,  CjHgHgOH,  is  obtained  by  shaking 
an  alcohohc  solution  of  mercuiy-ethyl  chloride  with  &esblf 
precipitated  silver  oxide  which  has  been  washed  with  aJcoboL 
It  is  an  oily  colourless  odourless  liquid  easily  soluble  in  water 
and  alcohol,  and  has  a  soapy  feeling,  reserabllDg  caustic  potash, 
a  powerful  caustic  taste,  and  a  strong  alkaline  reaction.  When 
allowed  to  remain  in  contact  with  the  skin  for  some  time  it 
produces  violent  burning  and  blistering.  It  decomposes  am- 
moniacal  salts,  and  precipitates  the  salts  of  the  various  metals.' 

Mercury- Ethyl  Chloride,  C,HjHgCl.  DUnhaupt  obtained  this 
compound  by  the  action  of  mercury  chloride  on  trietbyU 
bismuthinc.  It  is  also  formed  together  with  ethane  whea 
mercury  •ethyl  is  treated  with  strong  bydrocbluric  acid,  though 
the  best  method  of  preparing  it  is  by  the  action  of  an  alcoholic 
solution  of  mercuric  chloride  on  mercuiy-ethyl : 

Hg(C,HJ,  +  HgCl,  =  2  Hg(C,n,)Cl. 

Uercury-ethyl  chloride  ia  insoluble  in  water,  and  crystallizes 
from  boiling  alcohol  in  iridescent  silver-white  scales,  which 
sublime  at  40°  without  melting.  Heated  on  a  water-bath  it 
melts  to  an  oily  liquid  which  evaporates  without  leaving  a 
residue. 

The  bromide  possesses  similar  properties, 

Mercury-Ethyl  Iodide,  C^,HgI,  was  first  obtaiued  by  Sttecker* 
by  acting  with  mercury  on  ethyl  iodide.  It  is  formed  slowly 
in  diffused  daylight  together  with  butane,  ethane,  and  ethylene, 
but  not  in  the  suidight,  as  it  is  then  completely  decomposed. 
It  is  likewise  obtained,  blether  with  ethyl  iodide,  when  mercury 
ethide  ii  treated  with  an  alcoholic  solution  of  iodine.  It 
crystallizes  in  white  iridescent  scales  which  have  an  unpleasant 
smell,  ia  scarcely  suhible  in  water,  and  only  difBcultly  so  in 
alcohol  On  the  other  hand,  it  dissolves  in  hot  ammonia  with- 
out de::orr. position,  and  is  easily  dissolved  by  boiling  caustic 
soda,  from  which  solution  it  may  again  be  obtained  crystalline, 
although  a  small  quantity  decomposes.  On  exposure  to  saolight 
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it  yields  butoiie,  or  its  products  of  decompoaitioii,  and  mercury 
iodide. 

Memtry-StKyl  Sulphate,  (C^,Hg)jSO^  is  formed,  together 
with  pure  ethane,  by  the  action  of  concentrated  sulphuric  acid 
OD  mercury-ethyl.  It  crystallizes  from  alcohol  in  silvery-white 
scales  (Bucktoa). 

Mercury-Ethyl  Niiraie,  C^jHgNO^  ia  obtained  by  acting 
upon  the  base  with  nitric  acid,  as  also  by  the  decomposition 
of  the  iodide  with  silver  nitrate.  It  is  easily  soluble  in  water, 
less  BO  in  alcohol,  and  crystallizes  in  transparent  prisms,  which 
on  heating  decompose  with  slight  deflagration. 

Mercury-Ethyl  Cyanide,  CjH^HgCN,  is  obtained  by  saturating 
the  hydroxide  with  alcoholic  hydrocyanic  acid.  It  deposits 
in  lai^e  crystals  which  are  very  volatile  and  when  heated  emit 
an  intolemble  odour.  The  vapour  violently  attacks  the 
mncous  membrane,  and  the  compound  appears  to  be  very 
poisonous. 

Mercury-Ethyl  Sulphide,  (C^K^g)^,  is  precijntated  in  the 
form  of  a  yellowish- white  powder  by  the  action  of  ammonium 
sulphide  on  an  alcoholic  solution  of  the  chloride.  It  is  soluble 
in  an  excess  of  the  precipitant  as  well  as  in  ether,  and,  when 
the  ether  is  allowed  to  evaporate,  separates  out  in  the  crystalline 
form. 

In  addition  to  the  above,  many  other  mercury-ethyl  compounds 
have  been  prepared. 

ALnsaNiUM-ETHTL,  A1(C,H(),. 

399  The  first  observations  on  this  compound  were  made  almost 
simultaneously  by  Cahours '  and  by  Hnllwachs  and  Schafarik.> 
It  is,  however,  to  the  investigations  of  Buckton  and  Odling* 
that  ve  owe  our  more  exact  knowledge  of  this  body.  It  is 
obtained  by  heating  mercury-ethyl  with  aluminium  foil  to  100°. 
A  colourless  liquid  is  thus  obtained,  which  fumes  in  the  air,  and 
even  takes  fire  when  exposed  to  the  air  iu  thin  layers,  bumii^ 
with  a  LIuish-red-mantled  Bapie.  The  compound  boils  at  194°, 
and  the  specific  gravity  of  ita  vapour  at  2o4°  is  4  5,  whereaa 
that  correspoudiDg  to  the  above  formula  is  SO.  Hence  it  would 
appear  this  body  does  not  possess  a  constitution  similar  to 
that  of  aluminium  chloride.  Water  decomposes  it  with  great 
*  jtm,  Chti*,  I%:rm.  ax.  206. 
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violence ;  iodine  converts  it  int^  aluminium-ethyl  iodide, 
A1j(CjHb)jIj.  This  compound  can  also  be  obtained  by  beating 
alumibium  with  ethyl  iodide.  It  is  a  colourless,  unpleasautl;- 
smelling  liquid,  fuming  in  tbe  air,  and  boiling  at  340°— 35C°, 
aiid  being  likewise  decomposed  by  water. 

Wliea  dropped  iuto  a  vessel  filled  witb  oz;gen  or  chlorine  it 
ta^es  fire,  bunting  witb  a  violet  ligbt 

COMPODNDS  OF   LEAD  WITH  EtHTL. 
3C0  Of  these  two  are  known  : 

Lead  TetrMthyL  Lead  Trinthyl. 

Pb(C,HJ..  Pb,(C,H,)^ 

The  formula  of  tbe  first  of  these  compounds  points  out  that 
lead  acts  as  a  tetrad  element  towards  tbe  positive  element*  or 
radicals.  In  its  compounds  with  tbe  negative  elements,  boir- 
ever,  it  acta  as  a  diad,  as  is  shown  by  tbe  btct  ascertained  b; 
Roscoe,'  that  the  vapour-density  of  lead  chloride  correspodtfa  to 
the  formula  PbClj.  In  lead-trietbyl,  on  tbe  other  baud,  two 
atoms  of  metal  are  connected  together  by  one  combining  uriL 
Lead-Tetraethyl,  Pb(CjH5)^,  is  formed,  together  with  leaJ  tri- 
ethy),  by  the  action  of  ethyl  iodide  on  an  alloy  of  lead  and 
sodium.  It  may  be  more  readily  obtained  in  the  pure  state 
by  treating  zinc-ethyl  with  lead  chloride.*  Frankland  sod 
Lawrance'  recommend  the  following  plan.  Dry  lead  chloride 
is  added  to  zinc-etbyl,  contained  in  a  thick  glass  vessel,  until  no 
further  action  takes  place,  the  whole  being  stirred  with  a  glass 
rod.     M.etaltic  lead  then  separates  out  in  a  spongy  form : 

2  PbCIj  +  2  ZnCCjHJj  =  Pb(CjHJ,  +  Pb  +  2  ZnCI^ 

The  product  is  carefully  mixed  with  water,  and  subjected  to 
distillation. 

Lead-tetraetbyl  is  a  colourless,  slightly  smelling  liquid,  having 
a  specific  gravity  of  162°,and  boiling  at  about  200*  with  partial 
decomposition  and  separation  of  lead.  Under  a  pressure  of 
190  mm.  it  may  be  distilled  without  decompositiou  at  152°, 
and  it  may  also  be  volatilized  in  a  current  of  steam  without 

>  Free.  Boy.  See.  iiriL  iSfl. 

*  Budctim,  Chan.  O.iz.  :8i8,  *15 ;  Fnx.  Roy.  Soe.ix.eS5;  Cahann,  .iiw. 
Chim.  Fhyii.  [3],  Uii.  267. 

*  Joum.  Chen.  Sao.  1S7S,  L  Hi. 
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the  slightest  decomposition  occurriDg.  It  is  ea^y  inflammable, 
burning  vith  an  orai^-coloured,  blue-mantled  flame,  emitting 
clonds  of  lead  oxide.  It  is  not  attacked  by  ammonia,  carbon 
dioxide,  carbon  monoxide,  cyanogen,  oxygen,  nitric  acid,  or 
sulphuretted  hydrogen  ;  but  it  absorbs  sulphur  dioxide  quickly, 
with  formation  of  diethyl-sulphone  and  lead-diethyl  sulphonate 
(Frankland  and  Lawrance) : 

Pb(C,Hs>,  +  3S0,  -  tC^s)aSOj  +  (CjHj-SO^ljPb. 

Weak  acida  do  not  act  upon  it.  Concentrated  acids,  on 
the  other  hand,  decompose  it  with  formation  of  lead-triethyl 
compounds  and  ethane. 

Lead-Tritthyl,  "Sh^^C^^^  is  easily  formed  by  the  action  of 
ethyl  Iodide  on  an  alloy  of  lead  and  sodium.^  For  its  prepara- 
tion the  best  mode  is  that  suggested  by  KUppel.*  Three  parts 
of  lead  are  fused  in  a  crucible,  which  is  then  withdrawn  from 
the  Are,  and  one  put  of  sodium  added,  the  whole  being  stirred. 
The  crucible  is  then  filled  with  sand,  and  allowed  to  cool  slowly. 
In  this  way  a  flne  crystalline  alloy  is  obtained,  and  this,  having 
been  finely  powdered,  is  placed  in  a  flask  connected  with  an 
inverted  condenser,  the  mass  having  been  previou-ily  moistened 
with  ethyl  iodide.  A  violent  reaction  takes  place,  and  lead- 
triethyl  is  formed,  which  is  then  extracted  with  ether. 

Lead-triethyl  is  a  mobile  liquid  insoluble  ia  water,  only 
slightly  soluble  in  alcohol,  but  readily  so  in  ether,  having  a 
specific  gravity  at  10°  of  1*471.  Heated  alone  it  undergoes 
decomposition,  but  it  volatilizes  slightly  in  an  atmosphere  of 
ether.  The  vapours  of  this  body  attack  tlie  mu3au3  mem- 
branes with  great  violence,  exciting  a  flow  of  tsars  (lUippel). 
On  exposure  to  light,  as  well  as  on  heating  with  water,  it 
decomposes  with  separation  of  lead. 

Lead-Etkyl  CompouTuia.  If  iodine  be  slowly  added  to  a  solu- 
tion of  lead-triethyl  in  alcohol  and  ether,  the  unstable  iodide, 
(CjH5),PbI,  is  formed,  and  this,  when  treated  with  freshly 
precipitated  oxide  of  silver,  yields  Uad-ethyl  hydroxide, 
(C(Hj)3PbOH.  This  hydroxide  is  also  obtained,  accordthg  to 
CaJiours,  by  the  distillation  of  the  chloride  with  sohd  caustic 
potash.  The  oily  distillate  solidifies  after  some  time  to  a  crystal- 
line mass,  possessing  a  slight  but  peculiar  odour  provocative 
of  sneezing.     It  is  slightly  soluble  in  water,  and  easily  bo  in 
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alcohol  and  ether.  Its  soIutioQ  has  a  strong  alkaline  reaction 
and  a  sharp  caustic  taste,  giving  rise  to  an  unpleasant  sensation 
in  the  throat.  Like  caustic  potash,  it  saponifies  fats,  and,  even 
at  the  ordinary  temperature,  U  is  slightly  volatile,  and  for  this 
reason  it  produces  white  fumes  when  brought  into  contact  with 
hydrochloric  acid.  It  decomposes  anunoniaca)  salts,  and  pre- 
cipitates the  salts  of  many  metals. 

Lmd-Ethyl  Chloride,  (CjHJjPbCl,  isohtainedhy  heating  lead- 
tetraethyl  with  hydrochloric  acid : 

CC,H^.Pb  +  Ha  =  CCjH^jPhCl  +  C^ 

If  the  action  he  continued  too  long  a  further  decomposition 
occurs,  and  lead  chloride  is  formed  (Cahours).  Lead-ethyl 
chloride  is  easily  soluble  in  alcohol  and  ether,  cryatallizing  in 
long  bright  needles,  which  when  warmed  emit  a  mustard-like 
smell,  and  when  more  strongly  heated  decompose  with  detonation. 

Lead-Ethyl  Sulphate.  [(C^JgPb]^0.,  is  obtained  by  the 
action  of  dilute  sulphuric  acid  on  the  solution  of  the  base. 
It  is  a  white  precipitate,  which  ia  only  slightly  soluble  in  water, 
but  dissolves  in  alcohol  if  free  sulphuric  acid  be  present,  and 
crystallizes  from  this  solution  in  hard  glistening  octohedrons. 

Lead-Kthyl  NUraU  is  formed  when  an  ethereal  solution  of 
lead-triethjl  ia  brought  in  contact  with  an  alcoholic  solution  of 
silver  nitrate : 

CC^j)«Pb,  +  2  AgNO,  =  2  (CjH^^NO,  +  2  Ag. 

The  nitrate  remains  on  evaporation  as  a  thick  liquid,  having 
a  butter-like  smell.  This  on  standing  solidifies  to  a  saponaceous 
mass,  which  detonates  on  heating. 

Lead-Ethyl  CarbonaU,  [(CjH,),Ph].00,,  ia  obtained  in  small 
hard  glistening  crystals  by  allowing  the  alcoholic  solution  of  the 
base  to  evaporate  spontaneously.  It  is  scarcely  soluble  in  water, 
has  a  strong  burning  taste,  and  can  be  lecrystallized  &om  ether. 

Lead-Elhyl  Cyanide.  (CjHjigPbCN,  is  formed  by  heating  the 
chloride  with  alcohol  and  potassium  cyanide  in  closed  tubes  to 
100°.  *  It  forms  a  blood-red  liquid,  which  on  the  addition  of 
water  yieMs  a  white  precipitate,  and  this  can  be  obtained  crys- 
tallized in  fine  prisms  from  an  ethereal  solution. 

Lead-Ethyl  Thiocyanaie,  (C.H()^bSCN,  is  prepared  by  heat- 
ing the  chloride  with  silver  thiocyanate.  It  is  soluble  in  water, 
alcohol,  and  ether,  and  crystallizes  from  the  last  solvent  in  prisma 
resembling  those  of  potassium  thiocyanate. 
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In  addition  to  the  salts  of  lead-ethyl  above  described,  other 
compounds  with  both  inorganic  and  organic  atnds  have  been 
prepared. 

Compounds  of  Tin  with  Ethtl. 
301  The  following  compounds  of  tin  and  ethyl  are  known : 


(1) 

■nn-Tetnwthyl  or 

Stannic  Kthid.. 

{2) 

Tin-Trielhyl  or 

Stannoso-Stannic  EUiide. 

Tb-Diethyl  or 
Stannoni  Ethido. 

Sn(C,HJ. 

Si^(0,H,), 

Sn,CC,H^, 

Of  these  the  first  correapoads  to  tin  tetrachloride,  and  the  last 
to  tin  dichtoride.  As  the  molecular  formula  of  the  last-named 
substance  has  been  shown  by  Victor  Meyer '  to  be  SiijCl,  from 
its  vapour-density  determination,  we  must  assume  that  in  the 
stannous  compounds  the  two  atoms  of  tin  are  connected  by 
double  linkage,  whilst  in  the  triethyl  compounds  a  single  link- 
ii^  only  exists. 

Tin-Taraethyl  or  Stawnie  Elhide,  SnfC,Hj)t,  is  obtained 
by  the  action  of  anc-ethyl  on  tin  tetrachloride,'  tin-triethyl 
iodide,  or  tin-diethyl  di-iodide.'  It  is,  however,  best  obtained 
by  gradually  addingfused  anhydrotu  stannous  chloride  to  zinc- 
ethyl,  until  the  latter  has  been  almost  completely  decomposed. 
The  mass  is  then  distilled  in  an  oil-bath,  the  liquid  distillate 
treated  with  water  and  dilute  sulphuric  acid,  washed  with 
water,  dried,  and  rectified  over  chloride  of  calcium.*  In  this 
process  tin-dietbyl  is  first  formed,  but  this  easily  decomposes, 
as  Cahours  has  shown,  into  tin  and  tia-tetraetbyl.* 

Stannic  etbide  is  a  colourless  liquid,  having  a  slightly  ethereal 
odour,  boiling  at  181°,  possessing  a  speciiic  gravity  of  1'187, 
while  that  of  its  vapour  is  S'021  (Frankland).  It  is  veiy  in- 
flammable, burning  with  a  luminous  blue-mantled  flame,  and 
emitting  clouds  of  stannic  oiide.  In  oxygen  it  burns  with 
a  very  bright  white  flame.  Neither  sodium,  magnesium,  nor 
aluminium  acts  upon  it  at  its  boiling  point ;  nor  is  it  attacked 
in  the  cold  either  by  ammonia,  carbon  dioxide,  carbon  monoxide, 
cyoDt^o,  nitric  oxide,  oxygen,  or  sulphuretted  hydrogen. 

Ti»-Triakyl    or    Stannoso-Stannic    £thide,  Sn.(C^j)a,   ia 

'  Ser.  DaittiA.  Chem.  Ott.  lil.  IlgG. 

•  Bnckton,  Phil.  Tnmt.  1SS9,  426.  *  Baokton,  A.  434 

•  FnuklanJ  >nil  Laimiiw,  Jmn.  Chem.  Sac  187S,  i.  130. 

•  Am,  Chtm.  Pliarm.  czIt.  227  and  354. 
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formed,  together  with  tin-dietbyl,  when  ethyt  iodide  acts  upon 
an  allo7  of  20  parts  of  sodium  and  80  parts  of  tin.  A  violent 
action  takes  place,  the  excesa  of  ethyl  iodide  distils  over,  and  & 
pulverulent  mass  is  ohtained,  which  must  be  heated  with  a  small 
quantity  of  ethyl  iodide  in  a  sealed  tube  or  in  a  Frankland'g 
digester,  for  twelve  houi?  to  120°.  The  product  of  the  reaction 
is  allowed  to  remain  in  contact  with  ether  for  some  hours,  and 
the  whole  then  distilled  to  one-eighth  of  its  volume.  An  equal 
volume  of  alcohol  is  next  added  to  the  residue,  and  the  whole 
evaporated,  when  tin-triethyl  separates  out  as  a  yellow  oil, 
which  must  then  be  washed  with  dilute  alcohol,  and  dried  in  an 
atmosphere  free  from  oxygen  at  a  temperature  of  175° — 180°. 
It  is  almost  insoluble  in  water  and  alcohol,  but  readily  soluble  in 
ether.    When  heated  it  decomposes  into  tin  and  tin-tetraethyL 

TlN-TRIETHTL  CoiCPOtJNDS. 

303  The  hydroxide,  (C,H5)jSnOH,  is  obtained  by  distilling  the 
iodide  with  caustic  potash.  It  is  soluble  in  water,  alcohol,  and 
ether,  crystallizing  in  glistening  prisms  melting  at  44°,  T/hen  a 
glass  rod  moistened  with  hydrochloric  acid  is  brought  into  the 
neighbourhood  of  the  fused  compound,  thick  white  vapours  are 
formed.  Its  aqueous  solution  has  a  strong  alkaline  reaction  and 
neutralizes  the  strongest  acids.  It  boils  at  272',  and  when 
heated  for  a  loi^  time  nearly  to  its  boiling  point  it  ^ves  up  water, 
and  is  converted  into  the  oxide,  (CjHj)gSn,0,  an  oiiy  hquid 
which  readily  again  combines  with  water. 

Tin-triethyl  Chloride,  (CjH,)jSnCl,  is  obtained  by  acting  on 
the  hydroxide  with  hydrochloric  acid  and  upon  tin  chloride  with 
tin-tetraethyl.^  It  is  a  clear  liquid,  possessing  a  pungent  smell 
resembling  mustard-oil,  boiling  between  205°  and  210°  and 
having  at  8°  a  speciBc  gravity  of  1'428,  that  of  its  vapour  beii:^ 
8*43  (Cahours).     At  0°  it  solidifies,  forming  transparent  prisms. 

The  bromide  possesses  the  strongest  analogy  with  the  chloride, 
and  boils  at  222°— 224°,  and  has  a  vapour  density  of  DOS. 

Tin-trieikyl  Iodide,  (C(H()gSnI,  is  best  obtained  by  acting 
with  iodide  of  ethyl  upon  a  powdered  alloy  of  12  parts  of 
sodium  and  8S  parts  of  tin.  A  rapid  reaction  soon  sets  in,  and 
then  the  residue  is  treated  with  more  ethyl  iodide  for  twenty 
hours  at  a  temperature  of  1 25° — 130°.  The  product  is  exhausted 
with  ether,  and  the  solution  evaporated  witli  addition  of  a 
>  Ladanlnirg,  Bcr.  2)ettitek.  Chem.  Oa.  iii.  017. 
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small  qoantity  of  alcohol.  The  residue  is  thea  purified  hy 
distillation. 

Tin-triethyl  iodide  is  a  oolourleas  liquid  having  a  very  puogeat 
smelL  It  boils  at  235° — 238°,  and  at  22°  has  a  specific  gravity  of 
1-833.  It  forms  a  crystaUine  mass  when  cooled  in  a  miztore 
of  ether  and  carbon  dioxide.  It  combines  with  ammonia  to 
form  tiTtrtriethyl-ammoriivmModide,  (CjKj],SnNH,l,  a  compound 
soluble  in  water  and  alcohol,  and  crystallizing  in  long  prisms. 
On  beating  this  melts,  and  may  be  sublimed  ia  fine  crystals. 
It  has  a  strong  pungent  and  ammoniacal  smell,  and  is 
decomposed  by  boiling  water.  The  iodide  also  forms  similar 
compounda  with  the  monaminea. 

Tin~trUi!it/l  SuiphaU,  (C^^n,SO^,  is  obtained  by  neutral- 
izing the  oxide  with  sulphuric  acid  or  decomposing  the  iodide 
with  ffllver  sulphate.  It  is  slightly  soluble  in  water,  and  crys- 
tallizes from  alcohol  in  glistening  colourless  prisms.  This 
compound  ia  also  formed  by  the  action  of  sulphur  dioxide  on 
tiii-t«tniethyl  in  presence  of  air.  At  the  same  time  THn-lruikyl 
eihyl  auljAoTiate,  (CjH^^nSO,CjHj,  is  produced,  and  forms  an 
oily  liquid  (Frankland  and  Lawrance). 

The  rUtraie  is  obtained  as  a  syrup  by  evaporating  its  aqueous 
solution.    Indistinct  crystals  may  also  be  obtained. 

Tirt'trvikyl  Cyanide,  (CjHf)gSuCN,  is  obtained  by  warming 
the  iodide  with  silver  cyanide.  It  sublimes  as  a  'snow-white 
mass,  or  crystallizes  in  thin  needles.  It  crystallizes  Irom  alcohol 
in  silky  elastic  prisms. 

Tin-triethyl  CyancUe,  (C^HJ^SnOCN,  is  obtained  by  warming 
the  iodide  with  silver  cyaoate  in  presence  of  alcohol.  It 
crystallizes  in  thin  prisms,  and  produces  compound-ureaa,  with 
ammonia  and  the  amines.  That  obtained  by  the  action  of 
ammonia,  which  yields  a  well  crystallizable  oxalate,  has  the 

composition,  CO  {  ^Jg^g^^Q^^^ 

Tiv^irieOiyl  TkioeyanaU,  {C^^^^a^OS,  is  formed  by  the 
decomposition  of  the  iodide  with  silver  thiocyanate,  and  crystal- 
lizes in  colourless  prisms  from  alcohol. 

Tin-trielhyl  Hydrosulphide,  (CjHg)jSnSH,  ia  produced  by  the 
action  of  sulphuretted  hydrogen  on  an  alcoholic  solution  of 
the  oxide,  and  it  crystallizes  on  evaporation.  If  an  equivalent 
quantity  of  the  hydrate  be  added  to  its  solution,  the  sulphide  is 
fonned,  which  is  left  behind  as  an  oily  liquid  (fB  evaporating  off 
the  alcohoL 
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303  Ttn-diethyl  or  Stannous  Ethide,  &a^lfi^^^,  is  formed,  as 
baa  been  stated,  together  with  tin-triethyl.  It  may  readily  be 
separated  from  this  latter  compound,  icasmach  as  it  is  soluble  in 
alcohoL  It  is  likewise  obtained  by  acting  upon  tiu-diethjl 
chloride,  (CjHj),SnCl,  with  zinc.  It  is  a  colourless  or  fre- 
quently a  yellow  oily  liquid,  having  a  specific  gravity  of  I'SoS 
at  15°,  and  a  peculiar  musty  smell.  On  heating  it  decomposes 
completely  into  tin  and  tin-tetraethyl 

The  oxide,  (C,Hj)jSnO,  is  formed  when  an  ethereal  solution 
of  the  radical  is  allowed  to  evaporate  in  the  air  or  when  the 
iodide  is  decomposed  by  ammonia.  It  is  a  white  amorphous 
powder,  insoluble  in  water,  alcohol,  and  the  alkalis,  but  easily 
soluble  in  acids.  When  boiled  with  caustic  potash  the  fullowing 
reaction  takes  place : 

3  (C.HJ^nO  +  2  KOH  =  2  (C,Hg),SnOH  +  K^nO,. 

Tivr^ieihyl  Chloride,  (C^H^gSnCl^  is  obtained  by  evaporating 
a  hydrochloric  acid  solution  of  the  oxide,  when  lon^  white 
needles  are  formed,  melting  at  85°,  and  boiling  at  220°,  though 
easily  sublimed  at  a  lower  temperature.  It  is  also  formed,  together 
with  ethane  and  hydrogen,  by  heating  tin-triethyl  with  hydro- 
chloric acid*(Ladenburg),  and  it  combines  with  the  oxide  to  form 
the  oxycbloride,  (C^HJ^SniOClj,  which  crystallizes  from  aqueous 
solution  in  scales. 

Tin-dieihyl  Iodide,  (C^H^jSnlj,  is  best  obtained  by  acting 
with  one  part  of  finely  divided  tin  on  three  parts  of  ethyl 
iodide  for  thirty  hours  at  150°.  It  is  slightly  soluble  in  cold, 
but  more  so  in  hot  water,  crystallizing  in  fine  long  prisms  which 
melt  at  42°,  yieldiag  a  clear  liquid  boiling  at  245°.  It  forms  an 
ozyiodide,  also  crystallizing  from  hot  water  in  long  prisma.  If 
this  iodide  be  treated  with  zinc-methyl,  tin-diethyl-dimeihyl, 
Sia{Q^^.^{Q\l^^.  in  formed,  a  liquid  corresponding  to  tin-tetra- 
methyl,  boiling  at  144° — 146°,  and  having  a  specific  gravity  of 
1-2319  (Frankluod). 

Tin-dieikyl  SulphaU,  {Gfi^^a^O^  crystallizes  in  beautiful 
easily  soluble  tables. 

Tin-dietki/l  HUrate,  (CgHj)jSn(NOg)j,  is  also  easily  soluUe, 
and  crystallizes  in  prisma  If  the  oxychloride  bo  decomposed 
with  silver  nitrate,  the  corresponding  basic  nitrate  is  obtained. 
This  is  slightly  soluble  in  water,  and  crystallizes  well. 
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la  addition  to  these,  various  other  Baits  have  beea  prepared. 
Tin-dUthyl  Sulphide,  (G,Hg)^nS,  is  a  white  powder  precipi- 
tated by  sulphuretted  hydrogen  from  a  Bolutioa  of  one  of  its 
solta  It  is  insoluble  in  dilute  acida  and  ammonia,  but  dissolves 
in  strong  hydrochloric  acid,  caustic  potash,  and  the  sulphides 
of  the  alkali  metals.  In  the  diy  state  this  body  has  a  most 
dtsi^reeable  smell,  resembling  that  of  decomposing  horse-radish. 

A  peculiar  componnd  having  the  composition  (CjHj)^Sn,T, 
b  formed  amongst  the  products  of  the  action  of  tin  on  ethyl 
iodide,  and  is  obtained,  according  to  Frankland,  by  treating  tin- 
diethyl-dim ethyl  with  iodine.  It  is  a  heavy  oily  liquid,  having  a 
strong  smell  resembling  mustard-oil,  and  acting  very  injuriously 
on  the  lungs.     This  compound  requires  further  investigation. 

Thallich-diethtl  Cohtounds. 
304  When  an  ethereal  solution  of  thallium  trichloride  acts  on 
one-ethyl,  thallium-diethyl  chloride,  (C^s)i''''*^l>  ^  produced, 
and  this  crystullizes  from  hot  water  in  glistening  scales.  A 
series  of  crystalline  thallium-dtethyl  salts  are  obtuned  from 
this  by  donhle  decomposition  with  silver  salts.  If  the  easily 
soluble  sulphate  be  decomposed  by  caustic  baryta,  thallivm^  . 
dietfigl  hydroxide  is  obtained,  crystallizing  from  hot  water  in 
£ne  silky  glistening  needl(:-3,  having  an  alkaline  reaction,  and 
decomposing  at  211'  with  explosive  violence.^ 


ACETYL  COMPOUNDS. 

305  Alddiyde  ai  AedaldekycU,  CjH,0.  In  his  memoir  on  oxide 
of  manganese,  published  in  1774,  Scheele  mentions  that  if  this 
oxide  be  placed  in  a  closed  flask,  together  with  strong  rectified 
spirit  of  wine  and  vitriolic  or  muriatic  acid,  and  the  mixture 
distilled  at  a  moderate  temperature,  the  alcohol  which  passes 
over  possesses  the  smell  of  nitric  ether.  On  the  other  hand, 
in  hid  treatise  on  ether,  published  in  17S2,  Scheele  states  that 
if  alcohol  bo  distilled  with  sulphuric  acid  and  black  oxide  of 
manganese,  ether  is  first  obtained,  whilst  towards  the  end  of  the 
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operation  acetic  acid  passes  over.  Other  chemists  made  observa- 
tions of  a  similar  character.  Thus,  Dabit,  in  the  year  1800, 
recommended,  for  the  preparation  of  ether,  the  addition  of  black 
oxide  of  manganese  to  a  mixture  of  sulf^uric  acid  and  alcohol 
He  explained  the  formation  of  ether  froin  alcohol  by  the 
removid  of  a  part  of  the  hydrogen  and  its  oxidation  to  water,  and 
not,  as  Fourcroy  and  Vauquelin  had  shortly  before  Euggested, 
by  the  removal  of  the  elements  of  water.  In  the  same 
year  the  last-named  chemists  repeated  Dabit's  experiments,^  and 
found  that  the  ethereal  liquid  thus  produced  is  distinctly 
different  from  common  ether,  possessing  a  smell  resembling 
that  of  ordinaiy  nitric  etber.  Their  views  with  regard  to  the 
relation  of  this  body  to  alcohol  are  remarkable.  "  In  this  opera- 
tion," they  say,  "  the  alcohol  does  not  lose  any  carbon  but  only 
a  portion  of  its  hydrogen,  which  combines  with  the  oxygen  of 
the  black  oxide  of  manganese."  Hence  they  conclude  that  the 
liquid  obtfuned  in  this  way  contains  more  carbon  and  oxygen 
and  less  hydrogen  than  alcohol.  From  their  statements  it  is 
clear  that  the  body  which  they  examined  was  a  mixture  of 
several  componnds.  This  product  was,  at  the  time,  not  further 
investigated,  and  it  was  not  until  1828  that  Dobereiner,  stadyiog 
the  action  of  oxidizing  agents  upon  alcohol,  observed  the  occur- 
rence of  a  peculiar  liquid  to  which  he  gave  the  name  of  oxygen- 
ether.  This  he  prepared  by  the  action  of  a  mixture  of  alcohol 
and  sulphuric  acid  upon  either  potassium  chromate,  potassium 
manganate,  or  manganese  dioxide.  At  the  same  time  Gay- 
Lussac  stated  thaCl^e  body  possessing  the  peculiar  suffocating 
odour  which  had  before  been  noticed  was  a  mixture  of  alcohol, 
ether,  and  oil  of  wine.  In  the  following  year  Dobereiner  ex- 
pressed the  opinion  that  in  the  oxidation  of  alcohol  two 
substances  are  formed,  a  heavy  and  a  light  oxygen-ether,  the 
latter  differing  from  common  ether,  as  he  had  found  in  1823, 
not  only  by  its  pecuFiarsmellibutalso  inasmuch  as  it  is  converted 
into  a  resin  when  heated  with  potash.  He  also  showed  that  a 
liquid  possessing  similar  properties  may  be  obtained  by  the 
action  of  platinum  black  on  alcohol.  Various  chemists  now 
investigated  this  subject  without  coming  to  a  satis&ctory  con- 
clusion. They,  however,  proved  that  the  heavy  oxygen-ether, 
obtained  by  the  action  of  sulphuric  acid  and  manganese 
dioxide,  mainly  consists  of  oil  of  wins.  The  body  obtained  by 
the  action  of  platinum  black  was  found  to  contain  a  componnd  to 
'  Sot  Tether  pi^patri  k  la  Duutiin  da  Citojen  Datnt,  ^iw.  dt  CKfotit,  xxzit.  Sit. 
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vhich  Lietdg  gsve  the  name  of  aeetal  (to  be  hereafter  described). 
Id  addition,  however,  to  acctal,  the  product  costaios  a  still  more 
volatile  liquid  possessing  a  pungent  smell,  and  this  is  the  cauee 
of  the  production  of  the  brown  resinous  mass  formed  by  the 
action  of  caustic  potash.  Liebig  then  pointed  out  the  peculiar 
power  of  reducing  silver  salts  which  this  substance  possesses,  and 
Bobereiner  observed  that  this  same  body  is  produced  by  the 
action  of  nitric  acid  upon  alcohol,  thus  accounting  for  the 
fact  that  it  always  occurs  in  crude  so-called  nitric  ether  (ethyl 
nitrite).  He  next  shoved  that  the  body  thus  obt^ned  possesses 
the  power  of  forming  a  crystalline  compound  with  ammonia, 
and  three  grains  of  this  compound  were  sent  by  its  discoverer 
to  Ijebig,  and  it  was  the  examination  of  this  preparation 
which  led  to  the  true  explanation  of  this  somewhat  compli- 
cated enhject  Liebig  proved  that  in  the  first  act  of  oxidation 
alcohol  loses  two  atoms  of  hydrogen,  as  Dobereiner  had  sup- 
posed, givii^  rise  to  the  above-mentioned  volatile  liquid,  for 
which  he  proposed  the  ;^name  of  alcohol  -  dehydrogenatvm  or 
aldehyde} 

Aldehyde  is  not  only  formed  by  the  action  of  various 
oxidizing  agents,  such  as  chlorine,  upon  alcohol,  ether,  and 
other  ethyl  compounds,  but  ia  also  produced  when  the  vapours 
of  these  bodies  are  passed  through  a  red-hot  tube,  a  variety 
of  other  compounds  beii^  formed  at  the  same  time. 

306  Prrparaiion. — Liebig  gives  the  following  directions  for  the 
preparation  of  ^dehyde :  A  mixture  of  4  parts  of  80  per  cent 
spirit,  6  of  manganese  dioxide,  6  of  sulphuric  acid,  and  4  of 
water  is  distilled.  When  gently  warmed  the  mixture  begins 
to  froth  slightly,  and  the  aldehyde,  together  with  alcohol  and  a 
few  other  products,  passes  over.  The  process  is  interrupted  as 
soon  as  the  distillate  begins  to  redden  litmus,  which  is  usually 
the  case  when  6  parts  of  liquid  are  contained  in  the  receiver. 
The  distillate,  coneieting  of  aldehyde,  alcohol,  &c.,  is  mixed  with 
an  equal  weight  of  calcium  chloride  and  again  distilled,  the 
receiver  being  kept  very  co'd.  After  3  parts  have  passed  over 
the  distillate  is  again  rectified  with  an  equal  weight  of  calcium 
chloride  until  1}  parts  have  passed  over.  This  last  portion 
IB  anhydrous,  but  the  aldehyde  contains  alcohol  and  certain 
compound  ethers.  For  the  purpose  of  purification  one  volume 
ai  this  liquid  is  mixed  with  two  volumes  of  ether,  the  mixture 
rarzounded  by  cold  water,  and  dry  ammonia  gas  paued  in  to 
1  Ann.  narm.  »t.  183;  izii.  £73. 
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saturation.  The  gas  is  rapidly  absorbed  with  great  evolution  of 
heat,  and  ciystala  of  aldehyde-ammonia  separate  out.  These 
crystals  are  washed  three  times  with  absolute  other  and  dried. 

The  preparatioD  of  the  aldehyde  from  this  compoand  is  very 
«aay.  The  aldehyde-ammonia  is  dissolved  in  its  own  weight  of 
water,  the  solution  brought  into  a  retort,  and  3  parts  of  sulphuric 
acid  previously  mixed  with  4  parts  of  water  added.  Od 
gently  warming  this  in  the  water-bath  the  aldehyde  is  evolved 
with  frothing.  The  distillation  is  stopped  oa  soon  as  the  water 
in  the  water-bath  begins  to  boiL  The  hydrated  aldehyde  which 
passes  over  is  then  dried  by  rectification  over  an  equal  bulk  of 
cdlcium  chloride  in  coarGe  lumpa.  Heat  enough  is  evolved  by 
the  combination  of  the  calcium  chloride  with  tho  water  to  raise 
the  liquid  to  the  boiling-point,  so  that  good  condensation  is 
required  from  the  very  beginning.  The  distillate  thus  obtained 
is  mixed  with  pounded  chloride  of  calcium  and  again  distilled 
from  A  lukewarm  water-bath  at  a  beat  not  exceeding  30°. 

Stadeler*  recommenda.  the  use  of  potassiam  dichromate  in 
place  of  manganese  for  the  oxidation.  Fifteen  parte  of  this  salt 
are  brought  into  a  large  retort  standing  in  a  freezing  mixture 
and  connected  Avith  a  spiral  condensing-tube  surrounded  with 
water  having  a  temperature  of  50'.  A  cold  mixture  of  10  parts 
of  alcohol  and  20  parts  of  sulphuric  acid,  previously  diluted  with 
three  times  its  volume  of  water,  is  then  poured  on  to  the  broken 
pieces  of  dichromate,  the  freezing  mixture  remoTed,  and  the 
vapours  of  aldehyde  which  come  off  'condensed  in  the  cylinders 
C^L  Fig.  95,  partly  filled  with  ether  and  surrounded  by  a  freez- 
ing mixture.  At  the  end  of  the  operation  the  retort  requires 
to  be  slightly  wanned.  The  ethereal  solution  is  then  treated 
with  ammonia  in  the  way  already  described,  and  the  aldehjde 
regained  from  the  aldehyde-ammonia,  which  has  the  empirical  * 
formuhtCjH^O.NHj,  by  the  above-mentioned  method.' 

Aldehyde  is  obtained  on  the  large  scale  as  a  by-product  in  the 
manufacture  of  spirit,  where  it  comes  over  with  the  first  runnings 
(see  p.  294),  and  may  be  obtained  perfectly  pure  by  the  use 
of  a  rectifying  column.* 

It  may  also  be  cheaply  obtained  and  in  quantity  by  the  action 
of  ozonized  air  upon  alcohol,  and  is  likewise  formed  by  the  dry 
distillation  of  a  mixture  of  the  calcium  salta  of  acetic  and  foimic 
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CH.  H  CH, 

C=0    +     CO    -    C=0    +    CO,    +    H.O. 

L  '         i 

OH  OH  H 

307  Properties. — Acetaldebyde  is  a  coloiiriesa,  easily  mobile 
liquid,  boiliDg  at  20'''8,  and  having  at  0°  a  specific  gravity  of  08009 
(Kopp).  Ita  vapour  density  was  fonnd  by  Liebig  to  be  1532. 
It  baa  a  peculiar  ethereal  suETocatiog  odour,  aod  its  vapour, 
when  inhaled  in  large  quantity,  produces  a  cramp,  which  for 


a  few  seconds  takes  away  the  power  of  respiration  (Liebig).  It 
13  miacible  with  water  in  all  proportiouB,  heat  being  evolved, 
and  it  is  likewise  soluble  in  both  alcohol  and  ether.  The 
addition  of  water  raises  the  boiling-point  of  aldehyde.  Thus, 
a  mixture  of  one  part  of  aldehyde  and  three  parts  of  water 
boils  at  37".  It  is,  however,  separated  from  iU  aqueous  solution 
by  the  addition  of  calcium  chloride.  Aldehyde  iikewbe  dissolves 
sulphur,  phosphorus,  and  iodine,  the  last  with  a  brown  colour, 
and  it  is  easily  inflammable,  burning  with  a  luminous  flame. 
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Like  all  aldehydes  (see  page  172),  acetaldehyde  readily  under- 
goes cbange.  It  absorbs  atmospheric  oxygeo,  and  is  slowly 
converted  into  acetic  acid.  Oxidiziog  substances  bring  about 
this  change  more  quickly.  When  warmed  with  an  ammoniacal 
fiolution  of  silver  nitrate,  silver  separates  out  as  a  mirror-like 
deposit  which  adheres  firmly  to  the  glass : 

C.H^O  +  AgjO  =  2  Ag  -I-  C,H,Oy 

This  serves  for  the  detection  of  the  smallest  trace  either  of 
aldehyde  or  of  silver.  When  the  solution  contains  one  part 
of  silver  nitrate  to  1,000  of  water  a  brilliant  mirror  is  formed, 
with  2,000  of  water,  the  mirror-like  deposit  is  only  partial,  and 
the  solution  becomes  violet  coloured,  owing  to  the  preseace  of 
finely-divided  silver.  When  the  solution  is  still  more  dilute,  no 
deposit  of  silver  is  obtained,  the  vio!et  tint  alone  being  observed. 
This  can  be  noticed  when  one  part  of  nitrate  solution  is  diluted 
with  4,000  of  water,  such  a  liquid  producing  only  the  slightest 
opalescence  ^  on  admixture  with  a  chloride. 

It  was  formerly  supposed  that  when  aldehyde  acts  upon  silver 
oxide,  or  when  alcohol  is  oxidized  by  platinum  black,  a  com- 
pound was  formed  intermediate  between  aldehyde  and  acetic 
acid.  To  this  the  name  of  acetous,  aldehydic,  or  lampic  acid 
was  given.  Heintz  and  WisUcenus  proved  that  this  body  is 
a  mixture  of  acetic  acid  and  aldehyde.' 

Under' certain  circumstances  aldehyde  combines  with  nascent 
hydrogen  to  form  ethyl  alcohol.  This  reduction  is  not  brought 
about  by  zinc  and  hydrochloric  acid,  whereas  sodium  amalgam, 
in  presence  of  water,  as  well  as  in  presence  of  dilute  acids, 
does  effect  this  change.*  Alcohol  is  also  produced  when  aldehyde 
is  heated  with  zinc  and  ammonia  at  30°  to  40°  under  a  slight 
increase  of  pressure.* 

When  chlorine  acta  upon  aldehyde,  acetyl  ch!(Hride,  as  well  as 
various  other  products  which  will  be  afterwards  described,  are 
formed,  according  to  the  duration  and  other  conditions  of  the 
experiment' 

According  to  the  theory  of  types,  aldehyde  is  considered  as 

acetyl  hydride,      *    tt  f  -      Tliis  view  is  in  accordance  with 

>  W.  aod  H.  RoK«n,  Jiwm.  ProH.  Chtm.  xl.  S40. 
■  Pogg.  Ana.  cviii.  101. 

»  Wnrti,  Compt.  Ratd.  ]iv.  B15 ;  Ann.  Clum.  Fharm.  cniiL  1*0. 
*  Lorin,  Cosipl.  Bend.  Ivi.  8*5  ;  Ann.  Chem.  Phnnn.  cxxviii  SSA,  SSI. 
'  Wnrtt,  Ann.   Chim.  Pkji:  [S],  ilii.  6i  ;  BM.  Soc.  Ckim.   [2],  lir.   M; 
Str.  Dtultch.  Chem.  Qa.  liL  790. 
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its  formation  &oin  acetic  acid,  aa  well  as  with  the  action  of 
chlorine  upoQ  it.  In  many  other  reactions,  however,  it  behaves 
as  the  oxide  of  the  dyad  radical  etbideae.  Thus,  phosphorus 
peatachloi'ida  converts  it  into  ethidene  dichloride  or  diishlor- 
ethane,  CH^CHCI].  These  compounds,  as  veil  as  others  which 
it  forms  with  ammonia  and  with  tho  aciJ  sulphites  of  the  alkali 
metals  and  other  bodies,  will  be  described  under  the  ethidene 
compounds. 

Aldehyde  is  used  in  the  arts  for  the  manufacture  of  aldehyde 
greeu,  one  of  the  so-called  aniline  colours. 

308  Polyvui-izatimt  of  Aldehyde. — Small  quantities  of  Weak 
reagents  convert  aldehyde  into  polymeric  modi&aitioiis.  Of 
these  a  large  number  were  formerly  supposed  to  exkt  A  more 
accurate  examination  has  reduced  this  number  to  two. 

Paraldehyde,  CgH^^O,,  was  first  obtained  by  Febling,  and 
described  as  eloldehyde.^  It  is  easily  formed  by  the  action  of 
small  quantities  of  mineral  acids,  zinc  chloride,  or  carbonyl 
chloride  on  aldehyde.  It  is  best  obtained  by  adding  a  few  drops 
of  concentrated  sulphuric  acid  to  aldehyde,  evolution  of  heat 
and  contraction  taking  place.  On  cooling  the  liquid  to  0°, 
paraldehyde  crystallizes  in  large  prisms  which  melt  at  10°'6. 
The  liquid  boils  at  124",  and  at  15"  has  a  specific  gravity  of 
O-99S.  A  determination  of  its  vapour  density  gives  the  number 
4583,*  which  agrees  with  the  above  molecular  formula;  the 
coostitutioQ  of  paraldehyde  is,  therefore,  probably  represented 
by  the  following  formula : 


k 


CH, 

!H 
^\ 
-CH  CH— ( 


■CHy 


It  is  slightly  soluble  in  water,  dissolving  more  readily  in 
cold  than  in  hot  water.  Phosphorus  trichloride  converts  it 
into  dichlorethane,  being  first  split  up  into  three  molecules  of 
acetaldehyde.  This  decompc^ition  also  takes  place  when  its 
vapour  is  heated,  or  when  it  is  distilled  in  contact  nilli  a  body 
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in  presence  of  which  it  has  been  fonned,  as,  for  instance,  with 
sulphuric  aciJ. 

The  behaviour  of  paraldehyde  towards  corbonyl  chloride  is 
remarkable.  A  mixture  of  these  two  bodies  is  extremely  diffi- 
cult to  separate,  boiling  pretty  constantly  about  45°,  Hamitz- 
Harnitzky,  who  firat  examined  the  substance,  believed  it  to  be  a 
definite  compound  and  termed  it  ehloraceiau,  giving  to  it  the 
formula  C^HgCI,  and  remarking  that  it  decomposes  into  aldehyde 
and  hydrochloric  acid.  This  fact  was  oilerwarda  confirmed  by 
Fiiedcl,  who  showed  that  on  standing  it  decomposes  gradually. 

The  existence  of  a  compound  isomeric  with  chlorethylone, 
possessing  such  singular  properties,  could  not  be  theoretically 
accounted  for,  and  this  gave  rise  to  many  liypctheses,  until 
Kckul£  and  Zincke  proved  that  "  the  most  remarkable  pro- 
perty of  this  body  is  its  non-existence."  ^  They  noticed  that 
corbonyl  chloride  acts  as  a  kind  of  ferment  on  aldehyde, 
small  traces  being  able  to  convert  a  large  quantity  into  par- 
aldehyde, heat  being  evolved.  If,  however,  this  latter  sub- 
stance remain  for  any  length  of  time  in  contact  with  corbonyl 
chloride  it  is  partly  re-converted  into  aldehyde  without  evolution 
of  heat.  The  substance  obtained  by  the  action  of  aldehyde 
or  paraldehyde  on  carhonyl  chloride  is,  therefore,  a  mixture  of 
the  two  modificutions  of  aldehyde,  the  proportion  between 
these  being  dependent  on  the  temperature  and  the  quantity  of 
the  ferraenL  If  this  mixture  be  gently  warmed,  aldehyde  and 
carbouyl  chloride  pass  over  first ;  the  distillate  becomes  warm 
by  the  renewed  fotmatioa  of  paraldehyde,  but  on  quickly 
shaking  the  compound  with  lead  oxide,  pure  a'dehyde  is  first 
obtained,  and  afterwards  pure  paraldehyde.  Hydrochloiic  acid 
acts  similarly  to  carbonyl  chloride,  bat,  as  it  appears,  still  more 
energetically.* 

309  Metaidehyde.  The  formation  of  this  substance  was  first 
observed  by  Liebig,  who  found  that  needle-shaped  crystals  are 
occasionally  deposited  from  aldehyde,  and  that  these  possess  a 
composition  identical  with  the  original  substance.'  This  coui- 
pound  was  then  further  investigated  by  Fehling,'  Weidenbusch,* 
and  Kekul^  and  Zincke.*  It  is  formed  together  with  paralde- 
hyde by  the  action  of  acids,  carbonyl  chloride,  &c,  on  aldehyde, 

;  Chait.  Soc  Jottm.  zxt.  K1. 

■  An^  l^rm.  iIt.  1*1  ;  nv.  ir. 
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cooled  in  a  freeziDg  mixture.  It  is  likewise  produced  when 
aldelifde  is  allowed  to  remain  in  contact  with  calcium  chloride 
or  zinc  chloride  at  ordinaiy  temperatures.  Moreover,  it  is  some- 
times formed,  under  unknown  conditions,  when  aldehyde  is 
allowed  to  stand  hy  itself. 

Metolilehyde  separates  out  in  needles,  or  in  clear  colonriess 
quadratic  prisms,  which  sublime  at  lOii",  without  previous 
^siou.  When  heated  to  112*  to  115°,  in  a  closed  tube,  metalde- 
hyde  passes  into  ordiuary  aldehyde,  and  for  this  reason  it  has  not 
been  possible  to  determine  its  vapour-density,  or  its  molecular 
weight.  On  heating  with  carbonyl  chloride,  sulphuric  acid,  &c, 
it  yields  alilehyde,  and  it  behaves  like  the  mouo-molecular 
compound  towards  phosphorus  pcntachloride. 

Aldehydt'Ilenn  is  formed  by  the  action  of  aqueous  or  alcoholic 
potash  OD  aldehyde,  when  the  liquid  first  becomes  yellow,  next 
browD,  and  then  solidifies  to  a  reddish-brown  resinous  mass,  the 
composition  of  which  has  not  been  ascertained.  At  the  same 
time  formic  acid  and  acetic  acid  are  formed,  together  with  a 
very  volatile,  strongly-smelling  compound,  which,  when  well- 
cooled,  condenses  to  an  oily  liquid.  This  quickly  absorbs 
oxygen,  and  is  converted  into  a  golden-yellow,  thick  liquid, 
smelling  of  cinnamon,  which  quickly  becomes  resinous  (Weiden- 
busch).  This  same  resin  is  also  formed  when  alcoholic  solution 
of  potnsh  is  allowed  to  remain  in  contact  with  the  air.  The 
colour  OS  well  as  the  smell  which  alkalis  produce  with  aldehyde 
are  so  characteristic  that  the  latter  compound  may  be  easily 
detected  by  this  means  when  mixed  with  other  bodies. 

When  the  vapour  of  aldehyde  is  passed  over  heated  caustic 
potash  or  soda-lime  the  following  reaction  takes  place  :^ 

CjH.O  +  KOH  =  CjHjKO,  +  H^ 

310  Parathialdehyde,  C^TTj^j.  By  passing  sulphuretted 
hydrogen  into  an  aqueous  solution  of  aldehyde,  Weidenbusch 
obtained  a,  colourless  oily  liquid,  which,  when  treated  with  small 
quantities  of  sulphuric  or  hydrochloric  acid,  is  converted  into 
a  whito  crystalline  mass,  to  which  he  gave  the  name  of  acetyl 
mercaptan.'  This  liquid  was  afterwards  termed  sulphaldehyde. 
Hofmann  then  showed  that  it  possesses  the  above  molecular 
formula,  as  its  vapour  density  is  6°'29,*  and  Klinger  proved  that 

1  Dnniai  Rod  StM,  Anii.  CAim.  Phyi.  [2],  liiiii.  116  ;  Ann.  Chim.  Fharm. 
xzxv.  IGl. 
■  .^RR.  Chan.  PhamL,  IzvL  J6S.  '  Ber.  DetOtA,  Ckrm.  Cc*.  iU.  DS8. 
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the  compound  obtoiaed  in  the  above  manner  is  a  mixtnre  of  two 
isomeric  modifications.' 

a-ParathiaUthyde  is  obtuned  by  repeated  CTTstallization  of 
the  above  compound  &om  alcohol,  or  bj  passing  sulphuretted 
hydrogen  into  a  dilute  acidified  solution  of  aldehyde  in  alcohol, 
when  other  bodies  are  formed  at  the  same  tima  'lliese  can  be 
separated  by  repeated  ciystallization.  To  the  above-mentiooed 
liquid  thialdehyde,  Klinger  gave  the  probable  formula,  C^HgSj. 
This,  when  Ruspended  in  water  and  treated  for  some  time  with 
sulphuretted  hydrogen,  passes  ioto  another  oily  body,  which 
apparently  has  the  composition  40^1188,  +  HjS,  and  does  not 
ondergo  change  in  jvesence  of  hydrochloric  acid.  If,  however, 
some  aldehyde  be  added  to  this,  it  quickly  solidilies,  and  the 
solid  mass  conasts  mainly  of  a-parathialdehyde.  This  crys- 
tallizes from  alcohol  in  long  white  prisms,  nr  from  concentrated 
solution  in  thin  tables.  These  melt  at  101^  and  the  liquid 
boils  at  24>6° — 247°.  It  forms  with  silver  nitrate  two  com- 
pounds ;  one,  C,H,jSj  +  AgNO,,  forms  white  opaque  needles 
concentrically  grouped,  the  other,  CgH^S,  +  3AgN0„  aystal- 
lizes  in  microscopic  prisms.  A  warm  solution  <^  common  salt 
separates  the  thialdehyde  from  both  of  these. 

ff-Parathialdehyde  is  formed  from  the  foregoing  compound 
by  warming  it  with  acetyl  chloride,  and  also  by  dissolving  it 
in  cold  sulphuric  acid  and  adding  water.  It  crystallizes  from 
solution  in  glacial  acetic  acid  in  long  glistening  needles  which 
melt  at  124° — 125',  the  liquid  boiling  with  slight  decomposition 
at  245° — 248°.  The  determination  of  its  vapour  density  gave 
the  number  6  0,  which  is  rather  lower  than  that  required  by 
theory.  With  silver  nitrate  this  body  also  yields  two  compoundsi 
viz.,  C,H|^j  +  AgNOj,  crystallizing  in  compact  colonrlesa 
needles,  and  C^Hj^  +  SAgNOj,  in  fine  scales  possessing  a 
pearly  lustre. 

The  cause  of  the  isomerism  of  the  above  thialdehjdes  has 
not  yet  been  established.  It  is  possible  that  they  have  a 
different  chemical  constitution,  but  it  is  more  prot»ble  that 
their  diifereuce  is  due  to  physical  isomerism. 

1  £tr.  DtiOmiJi.  Oma.  Ot*.  x.  1S93 ;  xi  1028. 
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311  It  has  already  been  mentioaed  that  the  only  acid  with 
irhich  the  ancients  were  acquainted  was  vio^ar,  and  that  the  idea 
of  acidity  was  expressed  by  a  closely  related  word.  The  efferres- 
cence  produced  by  Tin^;ar  when  poured  on  certain  substances 
was  also  noticed  in  very  early  times,  and  is  mentioned  in  the 
Proverbs  of  Solomon,'  whilst  the  solvent  action  of  vinegar  on 
many  bodies  had  also  attracted  attention.  Thoa  Fliny  says, 
concerning  the  properties  of  viaegar,  "  Aceto  summa  vis  eat  in 
refrigerando,  non  tamen  minor  in  discutiendo ;  ita  fit  ut  iufusum 
terrae  Bpumei" 

The  ancients  held  exaggerated  views  respecting  the  solvent 
power  possessed  by  vinegar.  This  is  shown  by  the  well-known 
story,  related  by  both  Livy  and  Plutarch,  of  Hannibal  dissolving 
the  Alps  by  means  of  vinegar,  whilst  Vitruviua  states  that 
silicious  rocks,  which  can  be  neither  attacked  by  the  cMsel  nor 
by  fire,  are  dissolved  when  heated  and  then  moistened  with 
vinegar. 

The  vinegar  of  the  ancients  was  of  course  an  impure  wine- 
vinegar,  and  it  ia  to  the  alchemists  that  we  owe  the  first  pro- 
duction of  pure  acetic  acid  by  distillation.  Oeber,  in  his  treatise 
De  Inveetigaiione  MagiiUrii,  writes :  "Aceti  acenimi,  ci^uscunque 
geoera,  Bubtiliantur  et  depurantur,  et  illorum  viitus  sive  effectUB 
per  destilJationem  melioratur."  Basil  Yalentige  appears  to  have 
been  acquainted  with  the  preparation  of  strong  but  impure 
acetic  acid,  obtained  by  the  distillation  of  verdigris  (which  he 
termed  a  vitriol),  for  he  says :  "  Take  the  proper  olatm  viirioli 
made  out  of  the  vitriol  of  verdigris."  But  on  the  other  band, 
the  alchemists  often  used  the  name  of  philosophical  vinegar 
for  oil  of  vitriol. 

Acetic  acid  obtained  &om  verdigris  was  afterwards  termed 
^ritua  veneris  or  acetwm.  radicale.  Stahl  in  1697  described 
better  methods  for  obtaioiiig  strong  acetic  acid.  Thus,  he 
allowed  weak  vinegar  to  freeze,  and  poured  off  the  acid,  which 
remained  liquid,  from  the  solid  mass  which  separated  out.  In 
hia  Specimen  Secherianum,  published  in  1793,  Stahl  describes 
the   neutralization  of  the  vinegar  with  alkali,  the  evaporation 
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of  the  BolutioD,  and  the  disUUatioD  of  the  solid  salt  with 
sulphuric  acid.  He  states  in  another  work,  published  ia  1723, 
that  acetic  acid  may  be  obtained  in  a  similar  way  from  sugar 
of  lead  by  the  action  of  oii  of  vitriol.  He  also  mentions  that 
the  strong  acid  ia  inflammable,  a  iact  which  had  not  been 
recognised  up  to  that  time,  as  it  had  been  supposed  that  acetic 
acid  differed  from  alcohol,  especially  in  not  bein^  iDflaminable' 
Von  Lauraguais  made  the  same  observation  in  1759,  and  be 
also  noticed  that  concentrated  acidum  radicaU  could  be 
obtained  in  the  crystalline  state,  a  fact  soon  afterwards  con- 
firmed by  other  observers.  So  that  Durande,  in  editing 
Morveau's  Handbook  of  Chemistry  in  1777,  terms  the  so'.id  acid 
vinaiffre  glacial,  a  name  still  used.  In  1772  Westendorf  suj- 
gested  the  use  of  acetate  of  soda  instead  of  the  potash  salt  for 
the  preparation  of  the  acid,  and  Lowitz  in  1789  discovered  tliat 
aqueous  acetic  acid  may  be  so  far  concentrated  by  frequent 
rectification  over  powdered  charcoal  as  to  crystal.ize  nben 
cooled,  and  to  this  substance  be  gave  the  name  of  ice-like 
acetic  acid. 

313  The  production  of  acetic  acid  by  the  dry  distillation  of 
-wood  or  other  vegetable  fibre  must  have  been  known  in  early 
times ;  thus  Glauber  speaks  of  it  in  his  Fumi  Kovi  PkHosophici, 
published  in  1648,  in  a  way  which  shows  that  wood-vin^ar 
was  a  well-known  substance  at  that  time.  He  says  that  its 
properties  do  not  differ  greatly  from  those  of  common  vinegar, 
for  which  reason  he  teiTned  it  acetum  liffnorum,  and  states  that 
by  rectification  it  may  be  made  as  good  as  mxium  vini.^  Boyle 
is  even  more  precise  in  his  identification  of  pyroligneons  with 
ordinary  acetic  acid,  for  be  says,  "Also  guiacum  and  divers 
other  woods,  that  do  not  at  all  taste  sour,  will,  being  distilled 
ia  retorts,  afford  spirits,  that  are  furnished  with  store  of 
acid  particles,  which  as  I  have  tried  will  hiss  upon  alkahes,  and 
will  dissolve  coral,  and  even  lead  itself  calcined  to  minium 
and  make  saccfutmm  Batumi  of  it." 

In  his  EUmenta  Chemiae,  published  in  1732.  Boerhaave  states 
that  acida  aextoaa  is  formed  by  the  action  of  beat  on  v^etable 
substances.  This  expression  points  to  the  conclusion  that  in 
former  days  the  existence  of  a  variety  of  different  kinds  of 
acetic  acid  was  assumed.  Indeed  every  oi^anic  acid  was  looked 
upon  as  a  modification  of  acetic  acid.  Thus,  the  plants  now 
known  to  contain  oxalic  acid  are  still  termed  ae^usa,  aaiosdla, 
>  OLuiber,  Op.  (ed.  ISSB)  p.  31. 
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&C.  Even  wben  formic  acid  was  discovered,  it  also  was  b6!ieved 
to  be  a  modification  of  acetic  add.  It  therefore  appeais  not 
unnatural  that  a  distinction  should  have  been  drawn  between 
acetic  acid  and  pyroligneous  acid,  and  it  was  not  until  the 
year  1800  that  Fourcroy  and  Yanquelin  proved  that  the  acid 
obtained  by  the  dry  distillaUon  of  wood,  as  well  as  of  Bugar, 
gum.  Sec,,  is  simply  acetia  acid  mixed  with  a  small  quantity  of 
an  empyreum&tic  oil. 

When  animal  substances  undergo  dry  distillation  acetic  acid 
is  also  formed.  The  substance  thus  obtained  was,  however, 
considered  by  Berthollet  in  1708  to  be  a  peculiar  substance 
to  which  he  gave  the  name  of  aeide  zooniqw.  Bat  Th^nard 
showed  in  1802  that  this  substance  is  identical  with  ordinary 
acetic  acid,  as  well  as  with  the  acid  obtained  by  the  destractive 
distillation  of  wood. 

313  The  eaily  views  concerning  the  formation  of  acetic  acltl 
from  alcohol  are  but  vague.  They  agi^ee  in  considering  that  no 
addition  is  made  to  the  alcoholic  liquid  in  its  conversion  into 
acetic  acid,  the  change  consisting  essentially  of  a  decomposition 
of  the  constituents  uf  the  alcohol,  but  not  of  a  combination  of 
tliem  with  another  body.  Thus,  Basil  Valentatie  says  that  thd 
materials  placed  in  the  fermenting  vat  have  assumed  another 
property,  being  00  longer  wine,  having  been  transmuted  into 
vinegar  by  pntre&ction,'  It  was  later  assumed  that  vinegar 
was  formed  by  the  combination  of  alcohol  with  saline  paroles, 
such,  for  instaQce,  as  those  of  cream  of  tartar  For  example, 
liCmery  says :  "  The  spirit  of  vinegar  consists  in  an  acid ;  esfen- ' 
tial  or  tortareous  salt  is  very  different  from  spirit  of  wine ;"  *  and 
Macquer  in  1778,  in  his  Dictionary  of  Clumittry,  says  that 
it  is  not  possible  to  form  any  definite  idea  of  the  changes  which 
take  place  in  the  acetic  fermentation,  though  it  appears  as 
if  an  intimate  combination  of  the  acid  constituents  with  the 
combustible  constituents  of  the  wine  takes  place. 

Priestley  having  proved  that  common  muriatic  acid  is  an 
aqueous  solution  of  "  a  marine  acid  air,"  and  hydrofluoric  acid 
a  solntion  of  "  fluor  acid  air,"  he,  for  a  short  time,  looked  upon 
acetic  acid  as  containing  "  a  vegetable  acid  air,"  but  soon  found 
that  no  such  thing  could  be  obtained  from  it.' 

We  owe  to  Lavoisier  the  first  proof  that  acetic  add  is  a 
product  of  the  oxidation  of  alcohol     He  observed  that  when 
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wine  exposed  to  the  action  of  the  ftir  is  converted  into  vinegar 
its  volume  becomes  smaller.  He  showed,  moreover,  that  wine 
is  converted  into  vin^ar  by  other  oxidizing  agents. 

The  composition  of  acetic  acid  wae  accurately  determined  by 
Berzelius  in  1814,  and  Saussure  having  at  the  same  time  ascer- 
tained the  composition  of  alcohol,  it  now  became  possible  to 
explain  the  mode  in  which  the  latter  was  converted  into  the 
former  substance.  It  was,  however,  at  this  time  supposed 
that  a  large  quantity  of  carbonic  acid  escapes  during  the 
process,  and  it  was  not  until  1822  that  Dcibereiner  showed  that 
in  the  oxidation  of  alcohol  only  acetic  acid  and  water  are 
formed.  And  it  isto  him  that  we  owe  the  true  explanation,  for  he 
determined  the  quantity  of  oxygen  which  is  needed  to  produce 
tbo  change.' 

314  Acetic  acid  occurs  widely  distributed  in  nature,  partly  in 
the  free  state  and  partly  in  the  form  of  salts  and  ethers.  According 
to  Vauquelin,  Hermstidt,  and  others,  it  is  contaiaed  in  lite 
juices  of  many  plants,  and  especially  of  trees,  either  free  or 
combined  as  potassium  or  calcium  acetat«.  It  also  occurs, 
together  with  other  volatile  acids,  in  watar  which  has  been 
distilled  &om  odoriferous  Sowers  or  &om  aromatic  acids  and  other 
vegetable  substances.  As  triacetin,  Ggfi^{C^fi^g,  it  is  found 
as  an  oil  in  the  fruit  of  the  spindle-tree,  Eronyrmit  ettrepaeut, 
and  in  the  oil  of  the  seeds  of  Croton  tiglium,  whilst  the  liquid 
oil  from  the  seeds  of  Heradtam  giganteum  and  M,  spondylmoi 
contain  octyl  acetato,  CgH,^.CjHgOj,  whilst  sycoceryl  acetate, 
Gi^H^CjHjOj,  is  found  in  the  resin  of  the  Fieua  rvhginomt. 
Various  animal  liquids  also  contain  small  quantities  of  acetio 
acid,  and  it  is  likewise  found  in  other  products  of  fermentation 
and  putrefaction  of  organic  bodies,  as  well  as  formed  by  their 
dry  distillation.  It  is,  moreover,  a  product  of  a  large  number  of 
Dxidizing  processes,  and,  as  it  does  not  undergo  change,  even  in 
the  presence  of  powerful  oxidizing  agents,  it  is  often  the  final 
product  of  the  complete  oxidation  of  compounds  which  contain 
one  or  more  methyl  groups.  Many  carbon  compounds  which 
do  not  contain  the  methyl  group,  also  yield  this  acid  wh^ 
heated  with  alkalis,  for  the  alkali  not  only  acts  as  an  oxidiiii^ 
but  also  as  a  hydrogenating  agent. 

315  Synihuu  0/ Acetic  Acid. — It  has  already  been  stated  that 
acetic  acid  can  be  bnilt  up  from  its  elements  (see  page  179}. 
Of  the  different  synthetic  methods,  that  by  means  of  trichlor- 

>  SAwag.  /tfwm.  Ut.  US. 
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acetic  aad  cl&ima  our  attentioo,  as  having  been  discovered  tbe 
first 

Trichloracetio  acid  was  first  {wepared  hj  Dumas  id  1830,  b; 
actiag  on  acetic  acid  with  chlorine.  In  1843  Kolbe  found  that 
when  carbon  disulpbide  la  treated  with  cblorino  at  a  red-beat, 
carbon  tetmcbloride,  CCl^,  is  formed.  And  two  years  later  he  dis- 
covered that  the  vapour  of  this  compound,  when  passed  through 
a  red-hot  tubo,  b  converted  into  chlorine  and  tetrachlorethylene, 
G,CIf.  Chlorine  in  the  sunlight  acts  upon  this  latter  body  in 
prosence  of  water,  giving  liao  to  trichloracetic  acid,  inasmuch 
as  bexchlore thane  is  formed,  and  this  in  the  nascent  condition  is 
decomposed  as  follows : 

CCIj,CCI,  +  2  HjO  -  CCI,.CO.OH  +  3  HCL 

Now  shortly  before  this,  Uelsens  had  observed  that  trichlor* 
acetic  acid  in  aqueous  solution  is  converted  into  acetic  acid  in 
presence  of  potassium  amalgam,  and  thus  the  problem  of  the 
synthetic  production  of  acetic  acid  was  satisfactorily  solved, 

316  Afanufaeture  of  Vinegar. — All  oxidizing  agents  convert 
alcohol  first  into  aldehyde  and  then  into  acetic  acid.  Ozone 
readily  effects  this  change,  as  does  pure  oxygen  or  air  in  presence 
of  platinum  black.  In  absence  of  this  latter  substance  neither 
strong  nor  dilute  alcohol  can  be  thus  oxidized.  On  the  other 
hand,  fermented  liquors,  when  exposed  to  air,  soon  become 
sour.  This  depends  upon  the  fact  that  they  contain  nitrogenous 
compounds  which  are  able  to  act  as  carriers  of  atmospheric 
oxygen.  This,  however,  they  can  only  do  when  the  percent^e 
of  alcoliol  present  does  not  rise  above  a  certain  limit.  It  is 
for  this  reason  that  strong  wine,  such  as  port  or  sherry,  does 
not  become  sour  on  exposure  to  air. 

Various  processes  are  adopted  for  the  manufacture  of  vinegar, 
and  the  product,  according  to  its  mode  of  preparation,  goes  by 
various  DsmesL 

Wine  ViiiegaT  is  prepared  in  large  quantities  in  wine-growing 
countries,  and  especially  near  O.Ieana,  from  tho  poorer  qnoli- 
ties  of  wine.  The  manufacture  is  carried  on  in  the  open 
air,  or  in  buildings  termed  vinaigreries,  which  alwnys  have  a 
southern  aspect  The  vinegar  casks,  called  mothers,  hold  from 
50  to  100  gallons,  and  a  number  of  these  casks  arc  placed  in 
rows.  The  process  is  often  carried  on  in  the  open  air,  and  then 
from  8  to  20  such  rows  form  what  is  termed  a  vinegar-fidd. 
Two  boles  are  bored  on  the  top  of  the  front  end  of  each  cask 
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for  the  purpose  of  cbarging,  and  also  for  allowing  free  access 
of  air. 

In  commencing  the  operation,  these  casks  are  one-third  filled 
with  the  strongest  vinegar,  boilii^  hot,  and  to  this,  the  charges 
of  wine,  2^  gallons  to  each  cask,  are  added  at  interrala  of  eight 
days.  When  the  casks  are  more  than  half  filled,  one-third  of 
the  contents  of  each  "mother"  is  syphoned  off,  and  this  opera- 
tion repeated  as  long  as  desired.  The  temperature  of  the  whole 
should  be  kept  from  24°  to  27°  C.  Wine  vin^ar  always  con- 
tains acetic  ether,  as  well  as  the  other  ethereal  salti  contained  in 
vine,  and  these  give  to  it  the  fragrant  smell  and  taste  for  which  ■ 
it  is  valued.  The  wine  prepared  from  other  fruit  as  well  as 
grapes  is  sometimes  also  used  for  the  manufacture  of  vin^ar. 
For  the  explanation  of  the  changes  which  here  take  place  the 
chapter  on  fermentation  must  be  consulted. 

Malt  Vinegar  is  largely  manufactured  in  England.  In  this 
process  the  -wort  is  allowed  to  ferment  and  the  fermented  liquor 
brought  into  casks  placed  on  their  sides  with  the  bung-holes 
open,  an  additional  circulation  of  air  being  kept  up  by  means 
of  an  orifice  bored  at  each  end  of  the  cask  near  its  upper 
edge. 

317  Quiek  Vimffar  Process. — Afler  it  had  been  proved  that 
acetic  acid  is  an  oxidation  product  of  alcohol,  the  manufacture  of 
vinegar  by  a  quick  process  was  introduced  in  1823  byScbiitzen- 
bacb.  The  vinegar  generator,  technically  called  a  graduator,  is 
a  large  tun  of  oak  (Fig.  96),  frequently  13  feet  high,  15  feet 
wide  at  the  bottom  and  14  feet  wide  at  the  top.  A  horiEontal 
perforated  shelf  is  fastened  in  the  tub,  18  inches  from  the 
boltom,  and  two  inches  above  this  eight  or  ten  ho7es  are 
bored  in  the  side  of  the  tub  and  inclining  downward  from 
the  outside.  A  similar  disc  is  placed  one  foot  from  fhe  top  of  the 
tub,  with  the  holes  1  inch  apartand  \  inch  in  diameter.  These 
holes  aic  loosely  filled  with  cotton-wick  or  pack-thread,  a  knot 
beiog  made  at  the  top  to  prevent  them  falling  through.  Be- 
tween these  shelves  the  interior  of  the  tun  is  filled  with  deal 
shavings,  which  have  been  well  washed  and  afterwards  stove- 
dried.  Charcoal  is  sometimes  used.  The  whole  being  arranged, 
sti-ong  vinegar  heated  to  20° — 25°  is  poured  into  the  graduator 
and  allowed  to  stand  for  one  or  two  days,  and  after  this  weak 
spirit  containing  5 — 7  per  cent,  of  alcohol  ia  introduced,  some 
fermented  malt-liquor  being  also  added.  This  then  runs 
through  the  shavings  and  cornea  in  contact  with  a  large  quantity 


;abyGoO<^lc 


MANUFACTURE  OP  VINEGAR.  489 

of  ur,  when  oxidation  occurs,  and  consequeutly  erolution  of  heat 
takes  place  and  the  circulation  of  air  becomes  rapid.  The  fresh 
lur  comes  in  through  the  lower  holes,  and  having  lost  some  of 
its  oxygen  passes  out  through,  the  upper  ones.  The  giaduator.to 
begin  with,  acts  but  slowly,  and  it  is  only  after  some  time  that  a 
quick  action  commences.  This  depends  upon  the  &ct  that  the 
acetiftcation  is  due  to  the  shavings  becoming  gradually  covered 
with  a  microecopic  organism  (MycoHerma  aceti),  or,  b«  it  is  some- 
times called,  "mother-of-vinegar."    It  has  been  shown  by  Pasteur 


that  the  formation  of  vinegar  is  due  to  the  growth  of  this  organ- 
ism, which  plays  the  part  of  a  carrier  of  atmospheric  oxygen,  and 
accoi-ding  to  the  observations  of  this  distinguished  chemist  the 
rapidity  of  the  process  may  be  greatly  increased  by  the  addition 
of  a  small  quantity  of  the  mycoderm  at  the  hegiuoing  of  the 
operation.  The  constant  presence  of  alcohol  is.  however,  neces- 
sary, 88  in  its  absence  the  acetic  acid  is  burnt  by  the  ferment 
into  carbon  dioxide  and  water.     Weak  alcohol  is  oxidized  more 
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quickljr  than  Btrong.  When  very  GtroDg  acetic  acid  is  needed, 
tho  mixture  has  to  be  paaeed  through  three  tubs  and  a  freah 
quautity  of  alcohol  added,  and  Boinetimea  aubinilted  to  a  fourth 
tub  in  order  to  obtain  an  acid  of  the  requisite  strength. 

As  the  euccessful  woiking  of  the  graduator  ia  greatly  depen- 
dent on  the  temperature,  which  must  rouge  betweeu  3G''  aud  40", 
a  thermometer  is  always  employed,  and  it  is  moreover  nece:««ty 
to  ascertain  that  the  flow  of  the  liquor  is  regular,  and  that  it  is 
properly  dilTused  over  the  chips.  The  amount  of  air  which  is 
allowed  to  have  access  must  also  be  regulated.  If  this  is  insuffi- 
cient a  loss  takes  place,  inasmuch  as  a  conaderable  quantity  of 
volatile  aldehyde  is  formed,  the  smell  of  this  compouDd  being 
almost  always  recognisiible  in  the  vinegar-house.  If,  on  the  other 
hand,  too  much  air  be  allowed  to  pass  through  the  graduator  a 
loss  takes  place  through  the  volatilization  of  alcohol  vapours. 
To  reflate  the  supply  of  air  it  is  not  uncommon  to  join  the 
top  of  the  graduator  with  a  flue  and  damper  connected  witli 
a  chimney. 

According  to  theory,  each  percenti^-volume  of  alcohol  should 
yield  a  vinegar  containing  one  per  cent,  by  weight  of  acetit:  acid, 
but,  owing  to  unavoidable  loss,  these  proportions  are  not  attained 
in  practice.  In  addition  to  this,  a  portion  of  the  abohol  does 
not  undergo  oxidation,  and  this  is  larger  as  the  strength  of  the 
vinegar  increases ;  and  thus  th«  strongest  vinegar  which  can  be 
prepared  in  this  way,  rising  up  to  10  to  lo  per  cent,  of  acelic 
acid,  usually  contains  several  tenths  per  cent  of  alcohol  In 
good  working.  100  liters  of  any  given  percentage  of  alcohol  by 
vo!umo  will  yield  84  kilos,  of  vinegar  containing  the  p^vca  per- 
centage of  acetic  acid  by  weight ;  but  tho  process  ii  often 
attended  with  a  loss  of  20  per  cent.,  as  it  is  difficult  to  keep 
the  summer  temperature  exactly  at  the  requisite  point,  and 
when  the  ferment  becomes  hot  the  oxidation  takbs  place  at  an 
extremely  rapid  rate.'  In  many  vinegar-works  the  vinigar  fly 
{Droaophila  cellaria)  occurs  in  enormous  numbers.  The  larva)  of 
this  ily  live  in  fermenting  liquors,  especially  in  those  underling 
the  acetous  fermentation,  and  are  also  found  in  decaying  fungi 
and  rotten  Iruit.  The  vinegar  eel  {Anquillula  atxti)  is  also 
frequently  found  in  the  vats,  and  is  often  from  1  to  2  mm.  in 
length.  It  was  formerly  supposed  to  be  an  infusoria,  but  b  now 
recognised  as  belonging  to  the  Nemitodea. 

Spirit- vinegar  is  colourless.  The  vinegar  for  tab'.c  use  is 
■  KriiDirr,  Brr.  Eniw.  Chan.  Ind.  ii.  319. 
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oltcu  coloured  jellov  by  burnt-sugar,  oimI  not  uafrequently 
oream  of  tartar  and  acetic  ether  are  added  to  give  it  tbo  fl^iTour 
of  wine-vinegar.  The  adulteration  of  vinegar  with  suljdiuric 
acid  13  not  infrequent,  the  Uw  permitting  an  addition  of  0*1  per 
cent,  of  this  latter  acid,  as  it  was  believed  that  hy  thia  means  the 
vinegar  was  rendered  more  stable,  although  this  is  an  error. 
In  order  to  detect  the  presence  of  free  sulphuric  acid  in  vinegar, 
a  piece  of  filter-paper  is  wetted  with  the  vinegar  under  exami- 
nation and  dried,  or  the  acid  is  evaporated  with  a  small  quantity 
of  sugar.  In  either  case  carbonization  occurs  if  free  sulphuric 
acid  be  fo'esent.  Free  mineral  acids  may  also  be  detected  by 
boiling  100  grarns  of  the  vinegar  with  about  50  tnillignuns  of 
starch  fur  about  thirty  minutes.  If  mineral  acids  ore  present 
the  starch  is  converted  into  dextrin  and  starch-sugar,  neither  of 
which  are  turned  blue  by  iodine. 

318  Preparation  of  Concentrated  Aeetie  Acid. — In  addition  to 
its  uses  for  the  table,  vinegar  is  employed  for  the  preparation 
of  various  acetates,  and  these  again  for  the  preparation  of 
strong  acetic  acid.  This  is,  however,  obtained  in  larger 
quantity  from  pyroligneous  acid,  which  ia  neutrahzed  with 
lime  and  thus  separated  from  wood-spirit  and  acetone,  and  the 
residue  evaporated  to  dryness.  In  this  way  a  crude  calcium 
acetate  is  obtained  which  has  a  brown  or  black  colour  and  yields, 
on  distillation  with  hydrochloric  acid,  acetic  acid,  paasessing  a 
strong  empyreamatic  odour,  largely  used  for  many  purposes  in 
the  arts.  In  order  to  obtain  a  pure  acid  &om  this  source  the  crude 
brown  or  black  calcium  salt  ia  heated  in  a  drying  furnace  to  a 
temperature  of  about  232°  to  carbonize  the  resins  and  other 
impurities.  The  mass  thus  obtained  ia  termed  wliite  or  grey 
acetate.  Another  process,  proposed  by  Volckel,^  accomplishes  this 
end  more  completely.  The  solution  of  the  crude  salt  when  about 
half  evaporated  is  treated  with  hydrochloric  acid  until  a  weak 
acid  reaction  is  observed,  when  a  large  quantity  of  tar  as  well  as 
of  carbolio  acid,  creosote,  and  other  bodies,  separates  out.  The 
dear  solution  yields,  on  evaporation,  a  brownish  coloured  residue, 
which  can  then  be  ignited  for  further  purification.  By  distilla- 
tion with  the  requisite  quantity  of  hydrochloric  acid,  acetic  acid 
containing  from  40  to  50  per  cent,  of  tho  pure  acid  can  be 
obtained.  When  (his  has  a  tarry  smell  or  contains  any  free 
hydrochloric  acid,  it  may  be  purified  by  distillation  over  a  small 
quantity  of  potassium  dichromate  or  potassium  permanganate. 
'  Ami,  ChenL  norm.  IrxxtL  4S. 
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When  chloride  of  cftlciDin  is  added  to  a  eolution  of  calcium 
acetate  and  the  whole  concentrated,  crystals  of  calcium  chlor- 
acetate,  Ca(C2H,0j)CI,  are  obtained.  This  salt  can  easily  be 
prepared  from  the  pure  pyrolignite  of  lime,  and  it  has  been 
suggested  by  Condy  to  employ  this  salt  as  a  means  of  preparing 
pure  acetic  acid.*  Acetic  acid  is  now  manufactured  in  Newcastle- 
on-Tyne  according  to  this  process,  although  it  does  not  appear 
to  have  been  generally  adopted.  There  seems  to  be  a  prejudice, 
although  quite  an  unfounded  one,  against  the  use  of  the  acid 
thus  prepared. 

The  sodium  salt  is  now  always  employed  for  the  preparation 
of  concentrated  acetic  acid,  as  this  salt  can  be  easily  obtained. 
The  water  of  crystallization  which  it  contains  must  be  first 
removed  by  heating,  and  at  last  the  temperature  is  raised  up 
to  the  fusing  point  of  the  anhydrous  ^t.  This  operation 
was  formerly  conducted  in  iron  boilers,  in  which  very  serious 
cxpIorioDs  took  place,  owing  to  the  top  layers  of  hydrated  salt 
falling  into  the  fused  mass  at  the  bottom.  Sheet -iron  pans 
are  now  employed,  6  feet  long,  4  feet  wide,  and  2  feet  deep. 
Care  has  to  be  taken  that  no  sparks  fall  into  the  fused  mass,  as 
if  this  is  the  case  the  whole  takes  fire  and  burns  away  like  tinder. 
After  cooling,  the  soliditied  crystalline  masa  is  broken  up  into 
email  pieces  and  distilled  with  the  requisite  quantity  of  strong 
sulphuric  acid.  The  distillate  is  not  anhydrous  acetic  acid,  but 
contains  a  few  per  cents,  of  water,  oning  to  the  fact  that  the 
sulphuric  acid  used  for  the  decomposition  is  never  anhydrous, 
and  that  in  the  operation  of  fusing  a  certain  quantity  of  sodium 
carbonate  is  formed.  It  is,  however,  easy  to  obtain  pure  acetic 
acid  from  this  product,  for,  on  distillation,  an  aqueous  acid 
passes  over  first,  and  afterwards  the  anhydrous  acid.  This 
latter  separates  out  in  crystals  when  it  is  cooled,  an<l  the  liquid 
portion  being  poured  off,  the  crystals  are  melted  again,  so  that 
by  a  repetition  of  this  operation  pure  ghicial  acetic  acid  is 
obtained. 

■  319  Properties. — Pure  acetic  acid  is  a  colourless  liquid  having 
a  strongly  acid  and  pungent  smell  and  taste.  It  crystallizes  on 
cooling  in  large  transparent  glistening  tables  which  melt  at 
le"'?.*  If  melted  in  a  closed  vessel  and  allowed  to  cool  down, 
acetic  acid  retains  its  liquidity,  even  at  a  temperature  boloV 
0°,  but  on  opening  or  shaking  the  vessel,  or  on  dropping  in  a 
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sm&Il  piece  of  solid  acid,  the  whole  soIidifieB,  and  the  tempeia- 
ture  rises  to  16°*7.  A  small  addition  of  water  lowers  the  melt- 
ing point  considerably,  so  that  an  acid  containing  13  per  cent, 
of  water  melts  below  0°,  and  one  containing  S8  per  cent,  of 
water  and  corresponding  to  the  formula  C^Kfi^  +  2HjO  has  a 
mel^ng-point  of  —24°.  If  more  water  be  added  the  melting- 
point  rises  again.'  The  specific  gravity  of  acetic  acid  at  0°  is 
I'OSOO  (Kopp),  whilst  at  15'  it  possesses  the  specific  gravity  of 
1'0553  (Oudemanns).^  If  water  be  added,  the  specific  gravity 
rises  at  first  until  an  acid  contaJaing70percent.  is  obtained.  On 
a  further  addition  of  water  the  specific  gravity  remains  unaltered, 
80  that  aqueous  acetic  acid  containing  76'5  to  80  per  cent, 
possesses  the  same  specific  gravity,  namely,  according  to  van 
Toom^  and  Boacoe,*  10754  at  lo'''5.  The  specific  gravity  then 
diminishes,  so  that  an  acid  containing  43  per  cent,  has  at  15° 
the  same  specific  gravity  aa  the  anhydrous  add  (Oudemanns). 
Hence  it  follows  that  the  concentration  of  the  aqueoua  acid 
cannot  be  determined,  as  that  of  alcohol  can  be,  by  tho  specific 
gravity,  but  trituration  with  an  alkali  must  bo  employed. 
Riidorff  has  shown  that  the  melting-point  of  the  pure  acid  is 
considerably  lowered  by  the  presence  of  a  slight  trace  of  water, 
and  upon  this  fact  he  has  founded  a  method  for  determining 
the  strength  of  high  percentage  acetic  acid.'  This  was 
formerly  ascertained  by  shaking  up  the  acid,  together  with  ml 
of  lemon,  and  observiog  how  much  of  this  dissolved.  The 
German  Fharmacopojia  still  states  that  10  parts  of  pure  con- 
centrated acetic  acid  dissolve  1  part  of  this  oiL  A  dilute  acid 
takes  up  1&<)S,  and  in  proportion  to  the  quantity  of  water  which 
it  contains. 

Ba^l  Valentine  was  aware  that  vin^ar  when  distilled  yielded, 
to  begin  with,  a  weaker,  and  later  on  a  stronger  acid ;  and  in  his 
treatise,  "  Vom  grosscn  Stein  der  uralten  Weisen,"  he  distin- 
guishes in  this  respect  between  the  behaviour  of  acetic  acid  and 
that  cf  alcohol,  and  he  says  that  "  in  the  distillation  of  spirit  of 
wine  the  spirit  comes  over  first  and  the  pblegma  last;  when, 
however,  this  by  a  long-continued  warmth  has  been  converted 
into  vinegar,  its  spirit  is  not  so  volatile  as  before,  and  on  dis- 
tilling the  vinegar  the  aquosity  passes  over  first  and  the  spirit 
last."*     It  has  already  been  stated  that  Lowitz  found  that  alow 

'  OrinatlX,  Compt.  Smd.  IzxrL  183.  ■  Joan.  PralU,  CKem,  T,  iSi. 

'  /ou™.  Praia.  Chtm.  vL  171.  *  Jmirn.  Chat,  Sot.  xv.  270. 

*  Jm  eU.  *  Ed.  Ftiraeiu,  p.  CI. 
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acetic  add,  when  repeatedly  rectified  over  charcoal  powder, 
becomes  strong  enough  to  crystallize  when  cooled.  It  was, 
however,  formerly  supposed  that  a  77  per  cent,  acetic  acid  was 
the  point  of  maximum  density,  and  that  an  acid  corresponding 
to  the  hydrate  CiH^Oj  +  H,(>  boiU  without  alteration  at  104°. 
RoBcoe  has,  however,  proved  that  this  is  not  the  case,  as  on 
distilling  aqueous  acids  of  any  strength  in  sufficient  qnauttty 
a  residue  is  obtained  consisting  of  glacial  acetic  acid. 

Fure  acetic  acid  boils  under  normal  pressure  at  110°,  and  a 
vaiiation  of  1  millimeter  in  the  barometer  corresponds  to  a 
difference  of  0044  in  the  boiling-point  (Landolt).  The  specific 
gravity  of  the  vapour  of  acetic  acid  near  its  boiling-point  is  much 
higher  than  that  required  by  theory.  Thus,  Cabour^  *  found  at 
125°  that  the  density  cf  the  vapour  was  32.  When*  the  tem- 
perature is  raised,  the  specific  gravity  gradually  diminishes, 
until  at  250°  it  becomes  constant  and  normal,  viz.  208. 
Play&ir  and  Wanklyn*  next  showed  that  at  temperatures 
under  ibi  boiling-point  the  vapour  density  increased.  Thus,  in 
hydrogen  at  62'''3,  the  vapour  of  acetic  acid  had  a  specific 
gravity  of  305,  and  at  212° 5,  on  the  other  hand,  of  206. 
According  to  Neumann,*  the  relative  density  diminishes  with 
diminution  of  the  pressure  at  a  constant  temperature,  and 
increases  when  the  pressiure  is  increased  without  increase  of 
temperature.  The  probablo  exphination  of  this  observation  is 
that  suggested  by  Playiair  and  Wanklyn,  that  in  the  passage 
from  the  liquid  to  the  gaseous  state  acetic  acid  is  not  at  first 
split  up  into  the  smallest  possible  molecules,  and  that  the 
vapour  is  a  mixture  of  the  smaller  with  the  larger  molecules, 
the  latter  gnulually  decomposing  as  the  temperature  u  raised.* 

320  Acetic  acid  is  a  veiy  steble  body;  it  first  begins  to  de- 
compose at  a  red-heat.  Heated  in  the  air  its  vapour  bums  on 
ignition  with  a  bright  blue  flame.  The  most  poweiful  oxidizing 
agents  attack  it  only  with  difficulty.  A  solution  of  chromium 
trioxide  in  acetic  acid  is,  therefore,  laigely  employed  for  the 
oxidation  of  various  organic  bodies.  In  presence  of  potassium 
permanganate  it  oxidizes  to  carbon  dioxide  and  water,  but  if  free 
alkali  is  present  oxalic  acid  is  formed. 

Acetic  acid  absorbs  hydrochloric  and  hydrobromic  acids  with 

1  Compt.  Raid.  xix.  771  ;  Ann.  Cliem.  Pkarm.  ItL  176. 

*  iVoc.  Botj.  aac.  Edin.  Iv.  SDCi ;  Chem.  Soc  Joutk.  ix.  112. 
'  Inn.  Chein.  Pharm.  cIt.  32B. 

*  Jklojer,  Mada-n  Tliem:  3U  Anfl.  p.  ii. 
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GTolutioQ  of  heat.  If  bromine  be  added  to  the  eolutioD  contain- 
ing hydrobromic  acid,  red  needle-shaped  crystals  eeparato  out, 
and  these  on  drying  over  caustic  lime  possess  the  composition 
*(CjH.Oj.Erg)  +  HBr.  The  hydrochloric  acid  solution  yields 
a.  similar  compound  with  bromine.' 

As  acetic  acid  is  very  hygroscopic,  it  absorbs  water  from  various 
saline  solutions  and  precipitates  tho  salts,  this  being  especially 
the  case  with  many  sulphates.  It  withdraws  the  water  of 
crystallization  from  Qlauber-aalt,  whilst  on  the  otber  hand 
Glauher-salt  crystallizes  from  a  warm  solution  of  anhydrous 
sodium  sulphate  in  dilute  acetic  acid. 

Acetic  acid  is  employed  for  a  variety  of  purposes.  In  the 
concentrated  state  it  acta  as  a  valuable  solvent  for  many  carbon 
compounds,  as  the  hydrocarbons,  &c.,  and  it  is,  therefore,  employed 
in  the  laboratory  in  organic  researches,  and  it  is  largely  used  in 
those  industries  which  are  dependent  on  organic  chemistry. 
When  warm  it  dissolves  phospboms  and  considerable  quon- 
titus  of  sulphur.  It  acts  as  a  strong  canstic  on  tender  parts  of 
the  skin,  producing  blisters  and  wounds  which  heal  only  with 
difficulty. 

Aromatic  vinegar  is  also  used  largely  in  cases  of  Minting, 
whilst  acetic  acid  serves  as  the  best  antidote  for  poisoning  with 
alkalis  or  their  carbonates.  A  more  or  less  dilute  acetic  acid  is 
largely  employed  in  calico-printing  in  tho  preparation  of  the 
acetates  of  iron  and  alumina,  respectively  termed  iron-  and  red- 
liquors.  It  is  also  used  in  the  manufacture  of  colouring  matters, 
and  in  other  branches  of  industry.  In  pharmacy,  photography, 
and  chemical  analysis  it  is  also  extensively  employed. 

Acetic  acid,  which  is  used  for  analytical,  pharmaceutical,  and 
cert:un  other  purposes,  must  be  free  from  mineral  acids  and 
metals,  nor  should  it  contain  any  empyreumatic  admixtures.  It 
ought  not  to  decolourize  a  solution  of  potassium  permanganate. 
Pure  dilute  acetic  acid  does  not  do  this,  although  the  strong  acid 
does  so  if  it  be  allowed  to  remain  for  any  length  of  time  in 
contact  with  the  air,  inasmuch  aa  it  acts  as  a  solvent  for  the  small 
organic  particles  which  occur  in  the  atmosphera  In  order  to 
purify  such  an  acid  it  requires  to  be  distilled  over  potassium 
dicbrom^te  or  potassium  permanganate ;  on  the  large  scale  this 
is  eSected  in  copper  retorts  having  a  Eilver  condenser,  acd  in 
order  to  prevent  the  motal  being  attacked  the  distillation  is 
generally  carried  on  in  an  atmosphere  of  carbon  dioxide. 

I  Hdl  ud  MUaUiiwr,  Ber.  Daituih.  Chan.  Gt*.  x.  2102 ;  xi.  2<1  ;  xiL  727. 
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THE  ACETATES,  OR  THE  SALTS  AND  ETHERS 
OF  ACETIC  ACID. 

321  It  has  already  been  stated  that  the  first  organic  componods 
ohtained  were  those  prepared  hy  the  action  of  acetic  acid  on  the 
alkalia.  The  property  possessed  by  acetic  acid  of  attacking 
metals  was  also  early  observed,  and  a  test  employed  to  detect 
the  presence  of  gold  depended  upon  the  fact  that  it  ia  un- 
attacked  by  this  solvent,  whilst  copper  is  converted  into  verdigris. 
In  the  following  pages  only  such  of  the  acetates  witt  be  deacnbed 
as  have  either  a  special  practical  value  or  a  theoretical  interesL 

Potassium  Acetate,  CjH,KOj.  In  the  impure  Htate  this  salt 
was  known  to  the  ancients.  It  is  stated  by  Fliny  that  a  solution 
of  wood-ashes  in  vinegar  was  used  as  a  medicine.  By  evapo- 
rating such  a  solution,  Baymond  Lully  obtained  this  salt  in  the 
solid  state,  without  however  noticing  its  peculiar  properties ;  for, 
on  heating  the  residue,  he  obtained  carbonate  of  potash,  which  be 
considered  to  be  a  body  difTering  &om  that  obtained  by  lixiviating 
the  ashes  with  water.  The  first  description  of  the  true  salt  was 
given  by  Philip  Miiller,  a  sui^eon  in  Freiberg,  who  described  it 
under  the  name  of  term  /oliata  in  hia  Miractda  et  Myaleria 
Chymico-Medica,  published  in  1610.  At  that  time,  and  for 
many  years  later,  acetic  acid  and  tartaric  acid  were  not  dis- 
tinguished as  ditferent  bodies;  and,  as  acetate  of  potash  was 
chiefly  prepared  with  ignited  cream  of  tartar,  it  received  the 
name  of  tartarus  vini,  tartarus  Tegeneratus,  areanum  tartari.  Sec 

In  order  to  prepare  this  salt,  acetic  acid  is  neutralized  with 
purified  potashes,  and  the  solution  evaporated.  A  white  finely- 
divided  powder  is  then  obtained,  or  a  foliated  white  crystalline 
mass,  fi>}m  which  appearaore  ita  name  of  terra  fciiata  was 
derived.  It  is  extremely  deliquescent,  dissolving  at  2°  in  0  531, 
and  at  the  boiling-point  in  0'125  part  of  water,  the  saturated 
solution  boiling  at  169°.  The  salt  ciystallizes  from  this  solution, 
on  cooling,  in  transparent  prisms,  but  only  with  diSicutty.  It  is 
also  easily  soluble  in  dilute,  as  well  as  in  absolute  alcohol,  and  is 
precipitated  in  the  crystalline  form  from  this  solvent  by  the 
addition  of  ether.  It  possesses  a  strong  saline  taste.  On 
beating  it  melts,  forming  an  oily  liquid,  which  solidifies  at  292° 
to  an  opaque  crystalline  mass.      In  this  act  of  solidification. 


;abyGoO<^lc 


THE  ACETATEa  497 

especially  if  the  Bait  be  not  completely  fused,  large  ciyatals  are 
thronn  up  oat  of  the  mass.  It  decomposes  at  a  red-ht>at  with 
evolution  of  acetone  and  other  products.  A  current  of  carbon 
dioxide  passed  through  the  alcoholic  BotutioQ  precipitates 
potassium  carbonate. 

Acid  I^toMium  Aeetaie  or  Pottusium  I>iacetate,  CjHjKOj+ 
CjH^O^  is  formed  by  dissolving  the  Dormal  acetate  iu  acetic 
acid.  If  the  solution  be  allowed  to  evaporate  over  sulphuric  acid, 
crystals  coDtaining  six  molecules  of  water  are  obtained,  but  on 
cvaporatiim  at  a  high  temperature  the  anhydrous  salt  ia  formed 
in  long  colourless  needles,  which  are  less  deliquescent  than  the 
normal  salt.  It  melts  at  112°,  and  decomposes  at  200',  with 
evolution  of  pure  anhydrous  acetic  acid,  which  however  is  not 
completely  driven  off  till  300°.  Hence  Melseus'  suggested  the 
preparation,  by  this  means,  of  pure  glacial  acetic  acid  from  dilute 
acid  by  distilling  the  latter  with  potassium  acetate,  the  receiver 
being  changed  as  soon  as  the  temperature  reaches  300°.  This 
method  has  not,  however,  come  into  use. 

Potassium  TriacetaU,  CjH3KO,+2CjH^O^  is  obtained  by 
dissolving  five  parts  of  anhydrous  potassium  acetate  in  eight 
parts  of  glacial  acetic  acid,  when  it  is  deposited  in  fine 
deliquescent  tablets,  melting  at  112°,  and  decomposing  with 
evolution  of  acetic  acid  at  170°, 

333  Sodium  Acetate,  CjHjNaOj,  was  first  described  in  1736 
by  Duhamel,  who  showed  that  it  is  a  different  compound  from 
the  potassium  salt.  J.  F.  Meyer  mentions  this  compound  in  his 
Alchemical  Letters  as  terra  foliata  tartan  CTystaltisabHis.  In 
order  to  prepare  it,  dilute  acetic  acid  is  saturated  with  sodium 
carbonate  and  the  solution  concentrated  by  evaporation.  It 
ia  also  prepared  by  neutralizing  distilled  pyroligneoua  acid 
with  soda,  evaporating  and  fusing  the  residue  to  destroy 
empyreumatic  tarry  matters.  It  ia  likewise  obtained  by 
decomposing  calcium  acetate  with  Glauber-.salt,  the  compound 
obtained  in  this  latter  manner  being  purified  by  recrystallization. 
It  crystallizes  with  three  molecules  of  water  in  monoclinic 
prisma  It  dissolves  at  the  ordinary  temperature  in  about  28, 
and  at  124°,  the  boihng-point  of  the  saturated  solution,  in  O'o 
ptots  of  water.  In  spirit  of  wine  it  is  less  soluble,  and  in 
absolute  alcohol  almost  insoluble.  The  crystals  possess  a  mild 
bitter  saline  taste.  At  58°  the  salt  begins  to  fuse,  and  is 
perfectly  liquid  at  75°,  i^ain  solidifying  to  a  mass  of  prismatic 
»  Ann.  Chem.  Phartn.  lii.  27*. 
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needles  on  cooling,  the  mass  remaming  for  Eome  length  of  time 
at  58'.  If  the  hot  liquid  be  poured  into  a  closed  flask,  or  one 
the  neck  of  which  is  stopped  with  cotton-wool  and  allowed  to 
cool,  it  remains  liquid  for  a  length  of  time  even  at  0*,  but 
solidifies  with  evolution  of  heat  when  a  small  ciyatal  of  the  salt 
is  dropped  in.  It  loses  its  water  of  crystallization  when  placed 
over  Bulphuric  acid,  as  well  as  when  heated  to  100°.  The 
anhydrous  salt  fuses  without  decomposition  at  319°  and  soIidifieB, 
frequently  forming  large  pearly  crystals  which  tuke  up  seven 
molecules  of  water  on  exposure  to  air,  and  deliquesce  to  a  super- 
saturated solution.  The  salt  dried  over  sulpliuric  acid,  on  the 
other  hand,  only  re-absorbs  its  water  of  crAStaliization,  and  does 
not  deliquesce.  According  to  Berthelot,  this  depends  upon  the 
fact  that  the  anhydrous  salt  obtained  by  the  latter  process  still 
contains  traces  of  the  aqueous  solution,  which  prevent  the  forma- 
tion of  a  supersaturated  solution.  It  has  already  been  sUted 
that  Bodium  acetate  is  employed  for  the  manufacture  of  pure 
acetic  acid,  and  it  is  also  largely  used  in  the  preparation  of  other 
acetyl  compounds  and  likewise  in  medicine. 

Bodium  DiaceiaU,  G^ii^iia.Ot  +  C,H,0,  +  HjO,  is  prepared 
by  quickly  evaporating  a  solution  of  the  normal  salt  in  concen- 
trated acetic  acid  (Fehling). 

Sodium  TriaeelaU,  C,H,NaO,  +  20^,0^  is  formed  by  dis- 
solving one  part  of  fused  sodium  acetate  in  six  ports  of  hoiUng 
glacial  acetic  acid  (Lescceur). 

Other  molecular  compounds  of  sodium  acetate  and  acetic 
acid  have  been  prepared  by  Villiers.^ 

333  Avimonium  Acetate,  C(Hj(NHJO,. — At  the  beginning  of 
the  seventeenth  ceutury  this  substance  was  recommended  as  a 
medicine  by  Raymund  Miuderer,  an  Augsburg  physician.  Hence 
it  was  termed  liquor  opfUkalmieus  Minderti.  Tacheniua,  in 
hU  HippocraUa  Ckymicua,  published  in  1666,  states  that  this 
medicine  is  prepared  from  acetic  acid  and  the  volatile  alkalL 
As  it  was  for  a  long  time  known  only  in  solution,  it  wbs  fre- 
quently termed  sai-cmmoniactivi  liquidum.  In  order  to  prepare 
it  in  the  solid  state,  either  its  solution  is  evaporated  in  a  canent 
of  ammonia,  or  glacial  acetic  acid  is  saturated  with  ammonia 
gas.  The  salt  is  then  obtained  as  an  odourless,  saline  mass. 
When  hot  glacial  acetic  acid  is  saturated  with  carbonate  of 
ammonia,  ammonium  acetate  separates  out  on  cooling  in  large 
needles  easily  soluble  in  water,  and  which  readily  lose  ammonia. 
>  axnpC  Satd.  luzlv.  771 ;  Ixxzv.  TSI^  1S3^ 
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It  is  used  ia  medicine  in  cases  of  alcoholic  poisoDing.  The  liquor 
ammonite  aceiaiis  or  spirant  Mindeni  of  the  Fhannacopceia 
contaioa  15  per  cent,  of  ammonium  acetate,  and  is  obtained 
b;  neutralizing  dilute  acetic  acid  with  ammonia.  Accordiog 
to  Bertbelot,  the  ammonium  acetate  of  the  shops  is  an  imper- 
fectly crystalline  mass,  having  the  composition  2  CjHj(NH JO,  + 
CiH,0,  +  3  HgO. 

AmvioniuDi  J)iaeetate,G^LJ^^^Q^+  CjH^Oj,  is  formed  by 
evaporating  a  solution  of  the  normal  salt,  and  also  by  distilling 
the  dry  salt.  It  ia  obtained  as  an  oily  liquid,  which  gradually 
solidifies,  but  often  still  remains  fluid,  and  this  when  toucheil 
with  a  crystal  of  the  Bolid  salt  solidifies.  It  fuses  when  warmed, 
and  distils  without  decomposition  at  120",  and  hence  it  may  also 
be  obtiuned  by  distilling  a  mixture  of  sal-ammoniac  and  potas- 
sium acetate^  It  crystallizes  on  cooling  from  aqueous  solution 
in  loi^  needles,  which  deliquesce  on  exposure  to  moist  air. 

Aimumium  Saqtiiacetate,  2  CjH,{NHj)Oj  -I-  SOgH^O,-!-  HjO, 
ia  obtained  by  dissolving  the  commercial  salt  in  its  own  weight 
of  glacial  acetic  acid.     It  crystallises  in  flat  needles. 

3*4  Gaieiim  Acetate,  (CjHjOj)^  Ci  +  2H5.O,  crystallizes  in 
needles  or  prisms,  which  effloresce  partially  on  exposure  at  the 
ordinary  temperature  and  completely  at  100°,  forming  a  white 
powder.  Itpossesses  a  saline  taste,  is  easily  soluble  in  water,  less 
so  in  spirit  of  wine,  and  dissolves  lead  sulphate  easily.  It  has 
already  been  stated  that  thb  salt  is  used  in  the  preparation  of 
acetic  acid  and  pjroligneous  acid,  and  is  employed  in  calico- 
printing.  With  calcium  chloride  it  forms  tho  compound 
CaC^(C^jOj)  -I-  5HjO,  crystallizing  in  large  monoclinic  crys- 
tals, which  do  not  undergo  change  on  exposure  to  air,  but  at  100° 
lose  their  water  of  crystallization  without  alteration  of  form. 

Zinc  AcelaU,  (C^H^O^^q,  is  formed  by  dissolving  zinc,  its 
oxitlc,  or  carbonate,  in  acetic  acid.  It  seems  to  have  been 
known  to  Oeber,  who  says :  "  Tutia  calcinatur,  et  resolvitur 
iu  aceto  distillito,  et  sic  est  pneparata."  On  evaporating  its 
solution  at  a  high  temperature,  it  separates  out  as  a  white 
crystalline  crust,  and  this  contains  one  molecule  of  water.  This 
salt  ia  employed  as  an  astringent  in  medicine,  both  for  inward 
and  outward  use. 

335  Lead  Acetate,  (CjHjO,)jPb. — This  salt  is  first  men- 
tioned by  Basil  Valentine,  who  says : '  "  Mark  that  pure  dis- 
tilled acetic  acid  poured  on  powdered  saturnum  (lead  oxide) 
1  Opera,  Ed.  Pttr.  98. 
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and  warmed  in  the  water-bath  eDtirelj  loses  its  acid  and 
becomes  sweet  like  sugar.  If  then  two  or  three  parts  of 
the  viaegar  be  distilled  off,  and  the  rest  placed  in  a  cellar, 
thou  wilt  find  a  white  transparent  atone  like  a  crystal"  In 
another  place '  be  describes  the  preparation  from  white  lead, 
and  aajs  the  crystala  "  look  like  well-reiined  sugar  or  salt- 
petre." This  salt  was  soon  a^rwards  known  under  the  name 
of  sugar  of  lead,  and  Libavius,  in  his  Alchymia,  calls  it  sacekarum 
pluaibi  ^uinieiseJUialeJ 

Sugar  of  lead  ia  prepared  on  the  large  scale  by  diflsolving  the 
calculated  quantity  of  litharge  in  acetic  acid.  For  this  purpose 
it  is  beat  to  employ  a  45  per  cent,  acid,  and  to  every  100  parts 
of  such  an  acid  to  add  86'5  parts  of  finely  ground  litharge,  the 
mixture  being  heated  to  the  boiling-point.  The  liquid  is  first 
allowed  to  clarify,  and  then  brought  into  a  crystallizing  vat, 
where  it  remains  for  from  one  to  two  days.  It  is  usual,  however, 
to  employ  a  more  dilute  acid,  this  being  heated  in  a  copper  pan, 
at  the  bottom  of  which  a  piece  of  metallic  lead  is  solder^  to 
prevent  the  copper  beii^  acted  on  ;  to  this  the  requisite  quanUty 
of  litharge  is  added.  The  clarified  liquid  is  then  boiled  down 
in  a  second  pan  to  a  specific  gravity  of  15,  and  the  crystals 
allowed  to  deposit  in  wooden  vessels  lined  with  lead  or  copper. 
In  this  way  sugar  of  lead  is  obtained  as  a  coarsely  crystalline 
mass,  wbich  is  broken  up  into  lumps,  dried,  and  in  this  form 
sent  into  the  market  An  excellent  quality  of  sugar  of  lead 
is  obtained  by  exposing  sheet  lead  in  a  cloud  chamber  to  the 
united  action  of  air  and  the  vapour  of  acetic  acid.  A  mixture 
of  normal  and  basic  acetates  is  obtained,  which  is  then  dissolved 
in  acetic  acid  and  allowed  to  crystallize.  The  mother-liquors 
from  the  various  portions  are  again  worked  up  till  they  become 
too  impure  to  yield  a  fine  commercial  article.  They  are  then 
evaporated,  and  thus  the  so-called  grey  sugar  of  lead  is  obtained. 

For  certain  commercial  purposes  a  brown  sugar  of  lead  is 
manufactured,  cheap  pyroligneous  acid  being  substituted  for 
the  more  expensive  colourless  acid. 

Lead  acetate  dissolves  at  the  ordinaiy  temperature  in  lo,  at 
40°  in  10,  and  above  100°  in  0'5  parts  of  water.  From  the 
hot  solution  it  separates  out  on  cooling,  in  monoclinic  prisms  or 
tables,  which  contain  3  molecules  of  water  of  crystallization, 
and  it  is  less  soluble  in  alcohol.  Exposed  to  warm  air  it  efflor- 
esces slightly,  and  loses  the  whole  of  its  water  when  dried  over 
>  Optra,  808.  ■  Lib.  II.  Timet.  II.  Up.  IT. 
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gnlphuric  acid.  At  100°  it  also  losefi  water,  and  at  tlie  sBine 
time  a  Bmall  quantity  of  acetio  acid.  The  anbydrous  salt 
oryetallizes  from  hot  alcohol  in  sis-sided  tables.  It  melts  at 
280°,  the  liquid  solidifying  again  at  200°  to  a  crystalline  maaa. 
When  heated  more  strongly,  the  fused  salt  loses  acetic  acid,  and 
the  liquid  suddenly  solidifies,  with  formation  of  a  basic  salt 
Lead  acetate  has  a  weak  acid  reaction  and  a  sweetish  and  an 
astringent  metallic  after-taste.  If  paper  be  dipped  in  a  solution 
of  lead  acetate  and  then  dried,  it  bums  like  tinder  when  ignited. 
Lead  acetate  is  largely  used  iu  the  arts,  as,  for  example,  in  the 
preparation  of  the  alum  mordanta,  chrome-yellow,  and  other 
lead  pigments,  as  well  as  in  the  laboratory  for  the  preparation 
of  the  various  acetyl  compounds.  In  medicine  it  ia  iised  as  a 
sedative  and  astringent,  and  in  casea  of  diarriiGea,  &c.  Taken 
in  lai^  quantities  it  acts  iis  a  powerful  poison. 

Jiasic  Lead  Acetates  are  formed  from  the  normal  salt  by 
removal  of  acetic  acid,  or  by  the  assumption  of  lead  oxide. 
Only  two  such  salts  are  with  certainty  known.  Othera  have 
been  described,  but  they  are  [otibably  mixtures.^ 

DihoMc  Lead  Acetate,  c^n'o^b  !"  *^  "*"  ^^  '*  obtained  by 
dissolving  the  calculated  quantity  of  lithai^  in  a  solution  con- 
taining the  calculated  quantity  of  the  normal  acetate.  It  is 
also  formed  when  the  latter  salt  is  incompletely  decomposed  by 
ammonia.  It  is  very  soluble  in  water,  but  dissolves  less  readily 
in  alcohol  and  separates  out  in  crystals  on  addition  of  the  latter 
solvent  to  its  aqurous  solution.  At  100°  it  loses  its  water  and 
is  converted  into  a  white  mass. 

CjH,0,Pb)0 

T-nhatic  Lead  Acetate,  Pb  V    .  —  This  salt  is  formed 

OjHjO^b  j  O 
when  a  solution  of  sugar  of  lead  is  treated  for  a  length  of  time 
with  an  excess  of  lead  oxide.  It  is  obtained  in  pearly  crystal- 
line needles  when  100  volumes  of  a  solution  of  the  normal 
acetate  saturated  at  30°  are  mixed  with  100  volumes  of  boiling 
water,  and  20  volumes  of  pure  strong  ammonia  added  to  the 
mixture  and  the  whole  allowed  to  cooL  Ammonia  precipitates 
lixim  this  solution  either  other  basic  salts  or  lead  hydroxide 
according  to  the  amount  added. 

Solutions    of    basic    lead    acetates    rapidly  absorb   carbon 

dioxide  from  the  air,  and  then  become  turbid.     This  also  occurs 

>  Liiwe,  Jowrn.  Prakt.  C^tm.  xeTiii  SSS. 
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whea  spriDg-w&ter  is  a<lded.  Such  solutions  were  known  in 
very  early  times,  as  the  fact  is  mentioned  hy  Geher ;  they 
become  milky  on  exposure  to  air,  and  hence  were  afterwards 
called  lac  virginale.  The  French  chemist,  Goulard,  employed 
this  solution  in  1760  as  a  medicine,  -which,  mixed  with 
alcohol,  was  known  as  Goulards  lotion,  lead-vinegar,  or  aeetum 
satumi.  According  to  the  Fharmacoposia,  Liquor  plumbi  tub- 
acelatia  is  prepared  hy  boiling  5  oz.  lead  acetate,  3|  ozs.  of  lead 
oside,  with  a  pint  of  water,  and  then  adding  as  much  water  to 
the  filtered  golutioa  as  will  bring  the  whole  up  to  20  fluid  onnces. 

Lead  Acetochloride,  CjHjO^bCl,  is  obtained  by  heating  lead 
chloride  with  lead  acetate  and  acetic  acid,  or  by  using  the 
chloride  of  an  alcohol-radical  instead  of  the  first  of  these 
eubatances.  It  crystallizes  in  needles,  which  are  decompoeed 
by  water  with  separation  of  lead  chloride. 

Ccoesponding  compounds  with  bromine  and  iodine  are  also 
known. 

$36  Copper  Aeeiate,  (CjHjOJ,Cu. — Tbeophrastus,  who  wrote 
300  B.C.,  describes  in  hia  treatise  "  wtpl  \i8wv"  a  basic  acetate 
of  copper,  to  which  we  give  the  name  of  Tcrdigris  (ve^-t  dc  grU). 
He  terms  it  16^  and  describes  the  method  of  preparation  which 
is  still  adopted,  namely,  that  of  exposing  plates  of  copper  to  the 
air  in  contact  with  the  marc  or  refuse  of  grapes,  that  is,  the 
grapes  after  the  juice  has  been  expressed.  Dioscoridea  also 
mentions  that  verdigris  is  formed  when  copper  plates  are  hung 
above  a  strong  vinegar,  or  when  the  residues  from  working  up 
the  copper  are  moistened  with  vinegar.  Pliny  describes  the 
manuEacture  of  the  same  body,  termed  by  him  turvgo,  in  much 
the  same  way.  Qeber  appears,  however,  to  have  been  the  first 
to  observe  that  verdigris  can  be  obtained  from  vinegar  in  the 
form  of  crystald.  This  preparation,  which  is  the  normal  salt,  was 
called  distilled  verdigris ;  but  in  1789,  when  the  anti-phlogistic 
nomenclature  came  into  use,  it  was  termed  acdtiU  de  cuivre 
crys'allisi,  as  distinguished  from  acdtiie  de  cuicre  avec  axis 
d'oxide  de  cuivre. 

KortTud  Copper  Acetate,  {CjHjOj},Cu  +  HjO,  is  obtained  hy 
dissolving  verdigris,  copper  hydroxide  or  the  carbonate  in  acetic 
acid.  It  dissolves  in  13  parts  of  cold  and  5  parts  of  boiling 
water,  and  crystallizes  in  dark  blue  transparent  prisms  which 
effloresce  on  the  surface  when  exposed  to  the  air,  and  at  100°  or 
over  sulphuric  acid  lose  their  water  and  become  white.  If  a 
solution  saturated  at  60°  be  acidified   with  acetic  acid   and 


;abyGoO<^lc 


COPPER  ACETATEa  60J 

allowed  to  stand  in  the  cold,  lai^e  blue  rhombic  prisma  ore 
obtained,  and  these  on  warming  to  30°  become  green  and  moist, 
being  converted  into  the  ordinary  salt  and  «'ater. 

^sie  Copper  Acetate,  commonly  termed  verdigris,  is  formed 
by  the  ac^on  of  acetic  acij  on  copper  in  the  presence  of  air. 
Verdigris  was  formerly  entirely  manufactured  in  France  and 
Bcl^um,  and  especially  at  Montpellier ;  and  hence  the  French 
name  for  this  is  vert  de  Montpellier. 

Lai^e  quantities  of  verdigris  are  now  made  in  England  and 
Germany  by  steeping  cloths  in  pyroligneous  acid,  or  the  refuse 
grapes  from  the  wine  factories,  and  bringing  these  in  contact 
with  sheets  of  copper. 

A^r  some  weeks  these  plates  are  taken  out  and  exposed  to 
the  air  for  some  time,  and  then  dipped  into  water,  or,  pre- 
ferably, into  dami^ed  wine,  again  set  up  to  dry  and  the  ver- 
digris scraped  off;  and  this  process  of  dipping,  drying,  and 
removing  the  verdigris  occupies  about  eight  days,  and  ia 
repeated  until  the  whole  of  the  copper  is  converted  into 
verdigris.  The  blue  verdigris  thus  obtained  chieBy  consists 
of  the  diba^c  copper  acetate,  p'tt'oV  /  0  +  6HjO.  The 
same  salt  is  prepared,  according  to  Berzetius,  in  blue  needle- 
shaped  crystals  by  covering  a  copper  plate  with  a  mixture  of 
the  normal  salt  and  water,  and  allowing  this  to  remain  in  con- 
tact with  the  air  for  several  months.  When  blue  verdigris  is 
brought  in  contact  with  water  it  decomposes,  a  light-bluish 
crystalline  powder  of  triiasie  copper  tuetaie  remaining  behind. 
This  substance  also  occurs  when  a  solution  of  the  normal  salt 
is  treated  with  copper  hydroxide.  In  this  case  a  green  powder 
is  obtained  which,  however,  possesses  the  same  composition  as 

C,H,0,Cu  I  0 
the  blue,  namely,  ^"  t  /^     +  2B.0.    By  decomposing 

C^OjCu  }  ^ 
the  blue  verdigris  by  means  of  water  the  normal  salt  is  formed, 
and  the  segquibamc  copper  acetate,  (C,H,0^,OCuj  +  (0,HjOj),Cu 
+  CHjO ;  and  this  latter  salt  is  ^so  produced  when  ammonia  is 
added  to  a  hot  solution  of  the  normal  salt  until  the  precipitate 
wliich  is  formed  dissolves ;  on  cooling,  this  salt  separates  out,  and 
more  is  formed  on  the  addition  of  alcohol  to  the  mother  liquor. 
The  so-called  green  verdigris  is,  according  to  Berzelius,  a  mixture 
of  this  salt  with  two  other  basic  acetates.  It  is  prepared  by 
throwing  vinegar  frequently  on  to  copper-scale. 
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The  variouH  acetates  of  copper  are  used  as  pigment  colours, 
and  also  in  dyeing  and  calico-printing  as  resists,  preventing  the 
indigo  imparting  a  permanent  blue  colour  to  the  cloth.  They 
are  also  used  in  medicine,  and  are  extremely  poisonous. 

Coj^r  AeeloarteniU,  3CuAb,0^  4-Cu(C,H,0j)^ — This  siib- 
Btance,  according,  to  Ehrmann,'  is  the  chief  constituent  of 
emerald-greeo  and  imperial-  or  mitis-greeo.  It  is  obtained 
by  boiling  together  verdigris,  arsenic  tiiozide,  and  water ;  also 
by  dissolving  arsenic  trioxide  in  a  boiling  solution  of  potash, 
and  adding  copper  sulphate,  when  a  dirty-green  precipitate  is 
formed  which,  on  addition  of  sufficient  acetic  acid  to  impart  to 
tho  liquid  adistinct  smell,  and  on  continued  boiling  and  on  slow 
cooling,  separates  out  as  a  fine  bright-green  powder,*  Acconl- 
ing  to  the  proportions  between  the  copper  salt  and  the  arsenic 
trioxide,  a  lighter  or  darker  green  precipitate  is  obtained.* 
These  differences  are  probably  due  to  variations  in  the 
composition  of  the  precifHtates. 

327  Silver  Acetate,  CjH,A^,,  is  a  very  characteristic  salt  of 
acetic  acid.  It  is  obtuned  as  a  white  precipitate  by  adding 
silver  nitrate  to  a  moderately  concentrated  solution  of  an 
acetate ;  or  by  dissolving  silver  carbonate  in  hot  acetic  acid. 
In  each  case  it  crystallizes  out  on  cooling  in  glistening  flat 
elastic  needles,  which  dissolve  in  about  100  parts  of  cold  water 
and  blacken  on  exposure  to  daylight.  When  the  acetic  acid 
which  is  used  for  its  prep^iration  contains  small  traces  of 
homologous  acids,  instead  of  forming  fine  bright  broad  needles 
the  salt  is  deposited  in  small  indistinct  crystals  or  is  thrown 
down  in  the  form  of  a  crystalline  powder  (Schorlemmer). 

Mercuroua  Acetate,  (CjH,0^,Hgj,  is  obtained  by  precipitating 
the  nitrate  with  a  soluble  acetate  in  the  fonn  of  delicate 
micaceous  lamins,  which  at  the  ordinary  temperature  dissolve 
in  133  parts  of  water,  and  readily  blacken  on  exposure  to  air. 

Mercuric  Acetate,  (CjH,Oj),Hg,  crystallizes  in  transparent 
four-sided  tables  which  dissolve  in  4  parts  of  water  at  10°  and 
in  one  part  of  water  at  100.° 

328  Aluminium  Acetates. — We  owe  to  Walter  Cnim  *  the  com- 
plete inve^gation  of  these  salts.  The  normal  salt  is  not  known. 
When  a  solution  of  aluminium  sulphate  is  mixed  with  one  of 
sugar  of  lead  or  calcium  acetate,  the  liquid  obtained,  which 

'  An*.  Warm.  lU.  92. 

■  Knuioiuiot,  Jim.  Chim.  Pftyi.  [2],  zxL  5S. 

■  liebig,  S^trt.  Pharm.  liii.  iM. 
*  Chtm.  Soe.  J»ur>i.  tL  216 
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smells  of  acetic  acid,  acta  aa  a  mixture  of  tbe  normal  with  a 
baffic  salt.  This,  known  under  tbe  name  of  red-liquor,'  is 
'  used  in  calico-printing,  and  is  obtained  for  certain  purposes  by 
dissolving  &osbly  precipitated  aluminium  hydroxide  in  strong 
acetic  acid.  If  the  solution  obtained  by  decomposing  sulpbate 
of  alumina  with  sugar  of  lead  is  afWrwarda  freed  irom  lead  by 
sulphuretted  hydrogen,  and  from  sulphuric  acid  by  baryta  water, 
and  allowed  to  evaporate  in  a  £at  dish  at  a  temperature  below 
38',  a  residue  having  the  composition  (C^HjOj)^  AljO  +  4H,0 
is  obtained,  which  is  a  gummy  mass  perfectly  soluble  in  water. 
If  the  above  solution  be  diluted  until  it  contains  from  4  to 
9  per  cent,  of  alumina,  an  insoluble  sesquibasic  salt  contun- 
ii^  five  molecules  of  water  separates  out  in  white  crusts  after 
standing  for  some  days.  If,  however,  the  solution  be  heated 
to  boiling  the  basic  salt  separates  out  as  a  granular  powder 
insoluble  iu  acetic  acid. 

339  Ferrous  Acetate,  (CjH,0^,  Fe  +  4HjO,  is  obtained  by  dis- 
solving iron  in  acetic  acid  and  evaporating  the  Bolutiun  in 
absence  of  air,  when  it  is  deposited  in  greenish-white  mono- 
clinic  crystals,  very  soluble  in  water,  and  absorbing  oxygen 
rapidly,  especially  in  solution.  This  salt  is  also  used  largely 
in  calico-printing,  and  known  under  the  name  of  black-liquor 
or  iron-liquor.  Iron  mordants  appear  to  have  been  used  in 
early  times  in  the  East^  They  were  first  obtained  by  placing  fer- 
mentable organic  bodies,  such  as  malt,  in  contact  with  iron  and 
water.  In  1782  Bootbman  patented  the  steeping  of  iron-filings, 
&c.,  in  water  mi:ced  with  some  such  fermentable  vegetable 
matter;  whilst  in  17S0  tbe  first  English  patent  on  the  subject 
waa  taken  out  by  Flight,  who  proposed  to  "  steep  iron  in  water 
drawn  from  ita  or  tarry  oil,  and  to  mix  the  liquor  with  starch 
or  gum."  In  order  to  prepare  iron-liquor,  iron-filings  or  any 
refuse  scrap-iron  is  digested  with  crude  pyroligneous  acid  of 
specific  gravity  1-035,  usually  at  a  temperature  of  66°,  but  oc- 
casionally in  the  cold.  It  is  also  obtained  by  decomposing 
green  vitriol  with  calcium  acetate,  or  by  the  action  of  a  solution 
of  sugar  of  lead  on  ferrous  carbonate. 

Fenie  Acetate,  (CgH,0,\FiY— Geber  mentions  the  solubility 
of  ferric  oxide  in  acetic  acid, — "  Crocus  ferri  dissolvendus  est  in 
aceto  distillato,  et  est  clarificandus  et  hiecaqua  rubicunda,  crocea 
coDgelata,  dat  tibi  crocum  aptum,  et  est  factum."  It  is  obtained 
by  dissolving  the  calculated  quantity  of  ferric  bydrozide  in 
>  So  called  be««nte  it  yidds  madder  leds  and  pioki. 
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acetic  acid,  or  by  the  decompoaitioQ  of  lead  acetate  with  feiric 
sulphate.  According  to  £.  Meyer,  this  solutioa  deposits 
tr&Dspaient  dark  red  glistening  crystals  which  coQtaio  four 
molecules  of  water.  When  this  reddish-brown  solutioa  is 
boiled  it  becomes  of  a  darker  colour,  tbe  basic  salt  being  formed 
which,  on  slight  dilution,  separates  out,  but,  on  cooling,  either 
partially  or  wholly  re-dissolves.  Ferric  acetate  is  used  in 
medicine  as  Titwtura  ferri  aeetalit.  According  to  the  Fhanna- 
Gopceia,  it  is  formed  by  mixing  solutions  of  persulphate  of  iroa 
and  acetate  of  potash,  shaking  well,  filtering  to  separate  the 
precipitated  sulphate  of  potash,  and  then  adding  to  the  filtrate 
as  much  rectified  spirit  as  will  make  the  filtered  product  measnre 
one  pint.    This  is  sometimes  called  Klapntk's  iron  tincture. 

Ferric  acetate  is  also  used  ia  dyeing  as  a  mordant,  and  it 
usually  prepared  by  decomposing  calcium  acetate  with  ferric 
sulphate  or  iron  alum. 

With  ferric  chloride  imd  ferric  nitrate,  acetic  acid  forma  a 
series  of  double  salts  studied  by  Scheurer-Kester,'  These  ars 
all  soluble  in  water  and  possess  the  following  compositioii  and 
appearance : 

Fe,C],(CjH,0,), -f  3H,0,  yellowish-red  prisma. 
FejClj(0^jO^,OH  -1-  3H,0,  haid  bUck  crystals. 
Fe,Cl({NO^,(C,H,0^,  -f  H,0,  yellowish-red  ciystals. 
re,(NO^,(C,H:,0^,  +  (iH,0,  blood-red  deliquescent  needles. 
Fej(N0^^(C^,O^,  +  8HjO,  small  monocUnic  prisms. 
Fe,(NOj)(CjHsO^,OH  4  2H,0,  haid  red-brown  rhombic  prisma. 
Fej(NOJj(C^OJjOH-t-  21^0,  dark  red  crystals,  resembling 
potassium  feirocyanide. 

Ferric  hydroxide  dissolves  easily  in  ferric  acetate,  with  forma- 
tion of  easily  decomposable  basic  salts. 

330  Reactions  of  Acetic  Acid  and  itt  salts, — The  acetates,  with 
the  exception  of  a  few  basic  salta,  are  all  soluble  in  wat£r,  the 
moat  difficultly  soluble  beiug  mercuroua  acetate  and  silver 
acetate  ;  for  this  reason  the  nitrates  of  these  metals  produce  a 
white  precipitate  in  a  not  too  dilute  solution  of  an  acetate. 
This  dissolves  in  hot  water,  separating  out  on  cooling  in  char- 
acteristic crystals  When  an  acetate  is  heated  with  concentrated 
sulphuric  acid,  a  strong  smell  of  acetic  acid  is  evolved,  and  on 
the  addition  of  alcohol  the  pleasant  and  characterjaUc  odour  of 
acetic  ether  is  noticed,  A  still  more  characteristic  teat  is  ths 
>  A*».  aim.  Phj/t.  [3],  It.  810 ;  IxUL  4S2 ;  Utiii.  473. 
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conversion  of  acetic  acid  into  cacodjl  oxide  (see  p.  238),  For 
this  purpose  the  add  issaturated  with  caustic  potash,  evaporated 
with  a  small  quantity  of  powdered  arsenic  trioxide  and  the 
mixture  heated  in  a  test-tube,  when  the  characteristic  smell  is 
perceived  (Bunsen).  The  acetates,  like  the  formates,  give  with 
ferric  chloride  a  dark  red  coloration,  which  disappears  on  the 
addition  of  a  mineral  acid.  Tbey  are  distinguished  from  the 
formates  inasmuch  as  they  do  not  reduce  silver  and  mercury  salts, 
and  likewise  by  their  reaction  with  concentrated  sulphuric  acid. 

Ethebs  of  Acetic  Acid. 

331  Methyl  AeetaJe,  CjHjOjCHj. — This  was  first  prepared  in 
1835  by  Dumas  and  P^got'  by  distilling  a  mixture  of  wood- 
f  pirit,  glacial  acetic  acid  and  oil  of  vitriol.  It  is  contained  in  crude 
wood-tar  and  in  crude  wood-spirit.  In  order  to  prepu^  this 
etber,  the  method  adopted  is  similar  to  that  used  for  the  pre- 
paration of  ethyl  acetate.  Methyl  oxalate  may  also  be  heated 
with  it»  own  weight  of  glacial  acetic  acid  and  some  fuming 
hydrochloric  acid  added.' 

It  is  a  mobile  liquid,  possessing  a  pleasant  refreshing  smell, 
boiling  at  59°  3,  and  having  a  specific  gravity  at  U°  of  0  86684 
(Pierre)  and  a  vapour-density  of  2-595  (Cahours). 

Ethyl  Acetate  or  Acetic  Ether,  CjH^O,.  Cj,Hj.— This  substance 
was  discovered  by  Lauraguais,  who  published  a  mode  of  prepara- 
tion in  the  ^enimr«  ^  th^  Paris  Academy  ia  1750.  It  consisted 
in  heating  strong  acetic  acid,  obtained  by  distilling  verdigris, 
with  alcohoL  The  fact  that  the  ether  could  be  thus  produced 
was  contradicted  by  some,  but  corroborated  hy  other  chemists. 
Thus,  for  instance,  Scheele  in  1782  denied  that  acetic  acid  when 
distilled  alono  with  alcohol  [xoduced  the  ether,  but  he  added 
that  it  was  easily  fcnmed  wbrai  a  mineral  acid  was  present  in 
the  mixture  of  alcohol  and  acetic  acid,  or  when  an  acetate  was 
treated  with  a  mixture  of  alcohol  and  a  mineral  acid.  Pelletier 
in  1780  proved  that  by  frequent  cohobation  acetic  acid  and 
alcohol  alone  are  able  to  form  acetic  ether. 

For  the  preparation  of  acetic  ether  an  excellent  plan,  proposed 
by  Frankland  and  Duppa,  is  usually  adopted.  9  kg.  of  con- 
centrated sulphuric  acid  is  brought  into  a  deep  earthenware 
Teasel  and  3  6  kg.  of  alcohol  of  03  per  cent,  is  mixed  with 
this,  being  brought  to  the  bottom  of  the  vessel  by  means  of  a 

^  Jm*.  Chipi.  Fkyt.  iTili.  4S.  "*  Dittmsr,  Joara.  Chan.  Soe.  xxL  180. 
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narrow  glaea  tube  connected  by  a  caoutcbouc  tube  with  a  cod' 
veDiect  reservoir  standiug  at  a  considerable  elevation.  Tbe  glass 
tube  is  used  as  an  agitator  during  the  continuance  of  the  flow  of 
the  alcohol.  In  this  way  the  liquid  attains  a  high  temperatoro 
without  loss  of  alcohol,  and  this  greatly  iavoure  the  formation  of 
sulphovinic  acid.  This  mixture  is  aUowed  to  stand  protected  from 
moisture  for  tiventy-four  hours  before  use.  It  is  then  poured 
gradually,  so  as  to  prevent  heating,  on  to  6  kg.  of  js'eviously 
dried  and  fused  sodium  acetate  broken  into  small  jHeces  and 
placed  in  a  copper  still  immersed  in  cold  water.  The  mixture 
is  then  allowed  to  stand  for  twelve  hours  before  distillation  is 
commenced.  This  can  then  be  carried  on  over  a  naked  fire 
or  gas-flame,  and  continued  until  water  alone  passes  over.  In 
tiiis  way  about  6  kg,  of  acetic  ether  absolutely  free  from  alcohtd 
can  be  obtained,  and  this  requires  only  one  rectification  over 
fused  and  powdered  calcium  chloride.^  -    ■ 

Ethyl  acetate  is  a!so  formed  easUy  when  a  mixture  of  alcohol 
and  acetic  acid,  in  the  proportion  of  equal  molecules,  is  allowed 
to  run  into  sulphuric  acid  heated  to  130°.  In  this  way  ethyl- 
sulphuric  acid  is  first  formed,  and  this  decomposes  with  tho 
acetic  acid,  forming  acetic  ether,  which  distils  over  whilst  the 
sulphuric  acid  is  agaiu  acted  upon.  By  meiiiis  of  10  grrns.  of 
sulphuric  acid  232  grma.  of  crude  ethyl  acetate  are  obtained.* 

Acetic  ether  is  a  mobile  liquid  possessing  a  penetrating, 
refreshing  smell  and  a  pleasant  burning  taste.  It  boils  at  74°'3 
under  the  normal  pressure,  and  has  a  specific  gravity  at  0°  of 
0'91046  (H.  Kopp).  Its  vapour-density  was  found  by  Boullay 
and  Dumas  to  be  3016.  It  easily  dissolves  in  about  12  parts  of 
water,  of  which,  on  shaking,  it  takes  up  about  3'3  per  cent.  It 
mixes  with  alcohol,  ether,  acetic  acid,  &c. ,  in  all  proportions,  and 
dissolves  a  large  number  of  resins,  oils,  and  other  organic  bodies. 
When  in  the  pure  state  it  does  not  undergo  alteration  on  ex- 
posure to  the  air,  but  if  it  contains  water  it  gradually  becomes 
acid.  Its  purity  cannot  be  tested  by  a  determination  of  spedfic 
gravity,  inasmuch  as  mixtures  of  water  and  akx>faol  or  ether  in 
certain  proportions  do  not  affect  this.  In  order  to  detect  these 
impurities  it  is  heated  in  a  closed  vessel  with  an  excess  of 
titrated  solution  of  caustic  soda  and  the  amount  of  alkali  used 
for  the  decomposition  determined   volumetiically.       If  acetic 

'  Pftvi.  Traiu.  (IMS),  dri.  ST. 

'  Eghis,  Bar.  UenttcK.  Clum.  Oa.  t1.  1177.  A  dmilir  method  hu  &laa  baen 
dcKTiDeJ  bj  P«bal  (AmU.  Soe.  Chim.  zxxiii.  SSO). 
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ether  be  broi^ht  in  contact  with  iodine  and  alumimum  foil, 
a  violent  reaction  takea  place  represented  hj  the  following 
equation :  > 

2  Al  +  6  C,Hj.CiH,0,  +  3 1,  =  6  C,H,I  +  Alj(C^Oj)y 

Acetic  ether  is  used  in  medicine.  Its  action  in  many  cases 
resembles  that  of  common  ether,  but  it  posseaaes  a  more  agree- 
able  taste  and  smell.  It  is  also  used  for  addition  to  the  poorer 
classes  of  wine,  liqueurs,  &c.  It  is  also  sometimes  employed  as 
a  solvent,  and  is  used  in  the  laboratory  for  the  synthetic  prepar- 
ation of  fatty  acids,  ketones  and  other  compounds,  as  will  be 
hereafter  described. 

Chlorine  and  bromine  form  substitution-products  with  ethyl 
acetate.  By  the  action  of  chlorine  perddoraeetic  ether, 
CCIg.CO^CjCl^  is  obtained  as  the  last  product.  This  is  an  oily 
liquid,  smelling  Jike  chloral,  possessing  a  burning  taste,  and 
boiling  und^  partial  decomposition  at  245°.*  It  is  polymeric 
with  trich  lor  acetyl  chloride,  and  easily  splits  up  into  two  mole- 
cules of  this  suhBtaoce,  which  it  resembles  in  its  reactions  with 
water  and  alkalis. 

SlAyl  Orthoacetaie.  CHfi{0CjT3.^)^  is  obtained  by  heating 
sodium  ethylate  free  from  alcohol  with  tricblorethane,  CClj.CH^ 
to  &om  100°  to  120°.  It  is  a  colourless,  peculiarly  unpleasant- 
smelling  liquid  which  has  not  yet  been  obtained  in  the  pure 
state.  When  heated  with  water  to  100°-^120°  it  is  converted 
into  alcohol  and  conunon  acetic  ether,* 


OXIDES  OP  ACETYL. 

33a  Acetyl  Oadi,  or  Ac^ic  Atthydride,  (CjH,0),O,  was  dia- 
oovered  by  Oerhanlt,*  and  formerly  termed  anhydrous  acetic 
acid.  He  obtained  it  by  the  action  of  acetyl  chloride  on 
anhydrous  sodium  acetate : 

In  order  to  prepare  it  by  this  process,  one  part  of  acetyl 

1  ObHitone  and  Tribe,  Jmm.  CXon.  Seti.  187fl  (S),  357. 

■  Lebhnc,  ^nii.  Chim.  Fku*.  [3],  z.  1B7. 

■  Oenthcr,  ZeiOch.  Chen.  1871,  128. 

*  Compta  Baidtu.  zxzir.  7»  i  An*.  (Mm.  FKyt.  [S],  zxxTii.  Sll. 
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chloride  is  allowed  slovly  to  flow  on  to  one  part  of  finely 
powdered  sodium  acetate  or  125  parts  of  potassium  acetate, 
the  whole  being  distilled  as  soon  as  the  reaction  is  complete. 
As,  however,  acetyl  chloride  is  formed  by  the  action  of  the 
chlorides  of  phosphorus  on  acetates,  it  is  not  necessary  to  em- 
ploy acetyl  chloride  already  prepared,  and  the  reaction  may  bo 
modified  in  a  variety  of  ways.  Thus,  for  example,  one  part  of 
phosphorus  oxychloride  may  be  allowed  to  act  on  two  parts 
of  potassium  acetate,  when  sufficient  beat  is  evolved  to 
cause  the  mixture  of  acetyl  chloride  and  acetyl  oxide  to 
distil  over,  and  this  can  be  rectified  over  potassium  acetate 
until  a  drop  of  the  distillate  shaken  up  with  water  does  not 
give  any  reaction  for  hydrochloric  add.    For  this  method  of 


preparation  the  apparatus  used  in  Fig.  07  is  used.  The  ar- 
rangements are  simple.  The  douhle-neckeJ  bottle  contains 
quicklime  or  caustic  soda,  in  order  to  retain  the  vapours  of  the 
chloride,  which  would  otherwise  escape  into  the  air,  and  are 
very  irritating. 

Another  method  of  preparation  consists  in  adding,  by  degrees, 
7  parts  of  phosphorus  pentachloride  to  2  parts  of  glacial  acetic 
acid.  The  mixture  of  acetyl  chloride  and  phosphorus  o.iy- 
chloride  thus  obtained  is  then  distilled  with  20  parts  of  sodium 
acetate  or  an  e<iuiva1ent  quantity  of  potassium  acetate.     Acetic 
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•nbydride  ia  also  easily  prepared  hy  acting  on  acetyl  chloride 
with  an  equal  number  of  molecules  of  glacial  acetic  acid,  in 
connection  with  an  inverted  condenser,  until  no  further  fumes 
of  hydrochloric  acid  escape.^ 

The  anhydride  prepared  by  one  or  other  of  these  processes  is 
then  purified  by  fractional  distillation. 

The  following  methods  of  preparation  are  of  special  theoretical 
interest : 

(1)  By  heating  lead  acetate  with  carbon  disulphide  :  * 

2  (C^HjO^^b  +  CS,  =  2  (C,H,0)jO  +  CO,  +  2  PbS. 

(2)  By  heating  acetyl  chloride  with  caustic  baryta ; '  and 

(3)  By  distilling  glacial  acetic  acid  with  phosphonis  pentozlde, 
when  acetic  anhydride  is  produced  in  small  quantity.* 

Properties. — Acetyl  oxide  is  a  colourless,  mobile,  highly  re- 
fracting liquid,  having  a  smell  resembling  acetic  acid,  but 
being  less  acid  and  much  more  irritating.  It  has  a  specific 
gravity  at  0°  of  1  0969,  and  at  15*  of  10799,  and  boils  at 
137°-8  (Kopp).  Its  vapour- density  at  152°  is  3C73,  whilst 
at  255°  it  b  3'489,  theory  requiring  3'533.  It  is  insoluble 
in  water,  but  when  allowed  to  remain  for  some  time  in  con- 
tact with  the  liquid  it  is  converted  into  acetic  acid,  and  hence 
it  becomes  acid  on  exposure  to  moist  air.  It  ia  also  quickly 
decomposed  in  presence  of  alkalis.  When  heated  with  caustic 
lime,  anhydrous  baryta,  oxide  of  lead,  or  mercuric  oxide,  the 
corresponding  acetates  are  formed.'  When  warmed  with  an- 
hydrous potassium  acetate,  it  forms  a  solution  which  on  cooling 
deposib)  colourless  needles,  having  the  composition  2CjH,K0j 
-t-  (C2H30),0.  These  deliquesce  s'owly  in  the  air,  and  when 
heated  decompose  into  their  constituents.  This  occurs,  however, 
at  a  temperature  above  the  boiling-point  of  acetyl  oxide ;  and  fur 
this  reason,  in  the  preparation  of  the  anhydride,  the  temperature 
at  the  eud  of  the  operation  muEt  bo  considerably  raised. 

When  acetyl  oxide  is  heated  with  the  alcohols,  it  forms  the 
corresponding  acetates,  and  hence  it  may  be  used  for  the  pre- 
paration of  such  bodies,  and  is  especially  useful  in  enabling 
us  to  detennine  the  number  of  alcoholic  hydroxyls  contained 

'  EsnonikoO' «nd  SajtzeB,  Ann.  Chtm.  Pharm.  cLxxxT.  102. 

*  BroDghton,  Chem.  Soe.  Joum.  iviii.  21. 

■  Gnl,  jinn.  Chem.  Pharm.  cuviii.  128. 

*  Gal  and  EUnl,  Cmnpt.  Send.  Ixxzii.  197. 

■  U&Lamp,  .^nn.  Chim.  Fhyi.  [5],  lii.  fiul. 


)vGooi^lc 


^    I 


612  THE  ETHYL  GROUP. 

in  tho  compounds  of  the  polyvalent  radicals.'     It  is  decomposed 
by  chlorine  into  acetyl  chloride  and  monocbloracetic  acid :  * 

C,H.O  1  o  J.  CI  I  _  0,H,0  )      o,H,ao )  „ 

Bromine  acts  in  a  similar  way  upon  it.  Aluminium  chloride 
acts  in  the  cold  on  the  anhydride  with  formation  of  acetyl 
chloride  and  aluminium  acetate.*  According  to  Schiitzenberger 
it  also  combines  with  chlorine  mooozide  to  form  a  colouriess 
liquid,  which  decomposes  very  easily,  and  is  exploeive.  This 
he  terms  chlorine  acetate,  and  he  gives  to  it  the  formula 
C,H,OjCl.*  Aroiiheim,'  in  investigating  this  subject,  came  to 
the  conclusion  that  this  body  is  only  a  mixture,  which,  however, 
Schutzeabcrger  does  not  admit.'  By  acting  with  iodine  upon 
it,  colourless,  shining,  short  prisms  are  obtained,  having  the 
composition  (C,lIjOj),I,  which  explode  when  heated  above  100°. 
Aronheim  did  not  succeed  in  preparing  this  substance. 

SUico-acetic  AnkydniU,  or  Silicon  Acetate,  SiO^(CjHgO)j,  was 
obtained  by  Friedel  and  Ladenburg  ^  by  acting  with  silicon 
chloride  upon  glacial  acetic  acid  or  the  anhydride.  It  forms 
.  white,  apparently  quadratic,  crystals,  which  rapidly  absorb 
moisture  from  the  air,  and  are  violently  decomposed  by  water 
with  formation  of  acetic  and  silicic  acids.  The  compound 
decomposes  when  heated  under  ordinary  pressure,  but  under  a 
pressure  of  5  to  6  mm.  it  melts  at  110°  and  distils  at  148°.  It 
can  be  recrystallized  from  anhydrous  ether. 

When  ethyl  silicate  is  heated  with  acetic  anhydride  to  180^ 
the  compound  SiO^CCjHJjCjHjO  is  formed  as  an  oily  liquid, 
boiling  between  192°  and  107V 

Acetyl  Dioxide,  or  Acetyl  Fcrox-de,  (CjHgO|)Oj,  was  discovered 
by  Brodie,*  and  obtained  by  gradually  adding  barium  dioxide  to 
an  ethereal  solution  of  acetyl  oxide : 

„  CH,.CO  I  r,  ^  n  n       CH^CO-O  >  ^  CHs.CX).0  1  ^to 
2  C^-CO  I  0  +  BaO,  =  (,^QQQ  }  +  0^00.0  j  ^ 

It  is  a  thick  and  very  strongly  smelling  liquid,  which  may  be 

>  BchiitzentietKer,  Compl.  Rend.  liL  iSS. 
'  G»!,  Ann.  CMm.  Phy.  [3],  livi,  187, 

*  Andrianowiky,  Bull.  Sac  Chim.  [2],  xxxi  189. 

*  jlaa.  Chan.  Fharm.  cix.  113. 

*  Ber.  DaUtA.  CKcm.  Gat.  xii,  28. 

*  BkH.  Sk.  Chim.  xxxl  IS*. 

'  j4nn.  Chim.  Pharm,  cilv.  17*. 

'  FrioJel  und  Crafta,  Ann,  CMm.  Ph^.  [4%  ix.  6. 

*  Pne.  Hog.  Soc  a.Kli  i%t7.  Tmu.  1863,  407. 
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kept  for  some  time  io  the  dark  without  decomposition,  but,  on 
heattDg,  explodes  as  violently  as  cldoride  of  nitrogen  does.  It 
resembles  hydrc^en  dioxide,  inasmuch  u  it  bleaches  indigo- 
solutioD,  and  oxidizes  potaasium  iodide,  potassium  ferrocyan- 
ide,  &c.,  but  it  does  not  reduce  solutions  of  eitlier  cbromie  or 
permanganic  acid. 

Baryta-water  decomposes  it,  with  formation  of  barium  acetate 
and  bydrated  dioxide  of  barium. 


HALOID  COMPOUNDS  OP  ACETYL. 

333  Acetyl  Chloride,  CjHgOCl,  was  discovered  by  Gerhardt, 
and  obtained  by  acting  with  phosphorus  oxycbloride  on  fused 
potassium  acetate : ' 

POCl,  +  2  CjUaOjNa  =  2  C,HaOCl  +  NaCl  +  NaPO^ 

To  prepare  it  in  ibis  way  it  is  advisable  to  add  the  phos- 
phorus oxycbloride,  which  must  be  weU  cooled,  to  the  calculated 
quantity  of  potassium  or  sodium  acetate  in  order  to  avoid 
the  formation  of  acetyl  oxide.  The  apparatus.  Fig.  98,  may 
be  nscd  for  this  purpose.  The  powdered  acetate  is  contained 
in  the  glass  flask  connected  with  the  tubulus  of  the  retort  by 
means  of  a  piece  of  caoutchouc  tubing.  By  raising  the  flask 
the  substance  falls  into  the  retort,  whilst  by  lowering  it  an 
air-tight  caoutchouc  joint  is  formed. 

It  may  also  be  obtained  by  adding  phosphorus  peDt,ach1oride 
to  acetic  anhydride,'  when  the  same  apparatus  may  be  used. 
A  better  yield  is  obtained  by  using  phosphorus  oxycbloride,' 
The  apparatus  described  under  acetic  anhydride  may  be  em- 
ployed. Another  very  convenient  method  of  preparation  is  by 
the  action  of  phosphorus  trichloride  on  glacial  acetic  acid : 

PCI,  -f-  3  ^^^>^  }  0  =  3  *^»^»^  I  +  P(OH),. 

The  trichloride  is  mixed  in  the  cold  with  an  excess  of  glacial 
acetic  acid,  and  the  mixture  heated  on  the  water-bath.    At 

*  Ahi.  Chin,  Phys.  [3],  xzxvil.  2SE. 

■  Ritter,  ^nn.  Chem.  Pharm.  xot.  ZOS. 

■  Kuoniiiluiw,  t6.  clzxT.  S7S. 
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alK>tit  40°  the  reactioiL  begioa,  and  as  the  temperature  rii^es  it  is 
quickly  completed.'  The  product  is  purified  by  fractioDsl  dis- 
tillation ;  and  if  the  dbtiUate  contains  any  chlorine  compounds 
of  phosphorus,  it  may  he  conveniently  distilled  over  Eome 
anhydrous  sodium  acetate. 

Acetyl  chloride  is  a  highly  refracting  mohile  liquid,  which 
at  0°  has  a  specific  gravity  of  11305  and  boiia  at  55°.  lis 
vapour-donaity  is  2'87.  On  exposure  to  moist  air  it  fumes 
strongly,  and  it  possesses  a  suffocating  smell,  resembling  both 
hydrochloric  and  acetic  acids-  Its  vapour  rapidly  attacks  the 
eyes  and  the  mucous  membrane,   and  when  inhaled  produces 


coughing  and  even  spitting  of  blood.  If  a  few  drops  are  brought 
into  water,  they  soon  dissolve,  acquiring  a  rotatory  motion, 
and  forming  acetic  acid  and  hydrochloric  acid.  If  a  small 
quantity  of  water  is  poured  into  the  chloride,  a  violent  reaction 
takes  p'-ace,  which  may  even  become  explosive.  When  a 
mixture  of  acetyl  chloride  and  acetyl  oxide  is  treated  with 
sodium-amalgam,  and  the  product  distilled  with  water,  acetic 
etiier  is  obtained.' 

When  acetyl  chloride  is  treated  with  sodium-amalgam  until  the 
reaction  is  complete,  and  then  snvw  added,  and  afterwards  some 
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more  amalgam,  a  liquid  is  obtaioed  containing  etbyl  alcohol, 
which  can  be  readily  isolated,^ 

Acetyl  Bromide.  C,H,OBr,  was  obtained  by  Ritter  in  1855  by 
acting  with  phosphorus  pentabromide  on  acetic  acid.*  In 
order  to  prepare  it,  240  grams  of  bromine  are  gradually  added 
to  a  mixture  of  90  grams  of  glacial  acetic  acid  and  33  grams  of 
amorpbous  phoephoius,  and  tbe  whole  distilled,  when  the  re- 
actiun  is  complete.*  It  is  a  colourless  liquid,  which  fumes  in 
the  air,  becomes  yellow  on  exposure,  and  boils  at  81°.  In  its 
general  properties  it  closely  resembles  the  chloride. 

Aatyl  Iodide,  C,HjOI,  is  formed  by  acting  with  iodide  of 
phosphorus  on  acetyl  oxide : 

3  CC^,0),0  +  3 1,  +  P,  -  6  C,H,OI  +  P,0,. 

The  mixture  is  heated  until  no  further  reaction  takes  place; 
then  the  whole  is  distilled,  and  the  distillate  shaken  up  with 
some  mercury  and  rectified. 

Acetyl  iodide  is  a  brown  transparent  liquid,  which,  when 
freshly  prepared,  does  not  contain  any  free  iodine,  and  does 
not  become  decolorized  on  shaking  with  mercury.  lb  boils, 
with  decomposition,  at  about  108°.  It  has  a  very  suffocating 
smell,  and  is  at  once  decomposed  in  contact  with  water.* 


SULPHUR  COMPOUNDS  OP  ACETYL. 

334  Thiacetic  Add.  0,H,OSH.— KekuU  first  prepared  this 
compound  by  acting  on  glaci&I  acetic  acid  with  phosphoms  pen- 
tasulphide,'  It  is  also  obtained  by  treating  potassium  mercaptide 
with  acetyl  chloride.'  For  the  purpose  of  preparing  thiacetic 
acid  300  parts  of  phosphoms  penbuulphide  are  warmed  with 
108  parts  of  acetic  acid,  the  retort  being  half  filled  with  the 
mixture  and  heated  until  the  reaction  begins :  the  flame  is 
then  withdrawn,  when  the  thiacetic  acid  comes  over  without 

'  Linnemwin,  .<«n.  Chem.  Fharm.  cxlviii.  2*fl, 

*  Loc  eit.  *  Osl,  ^iin.  Chem.  FRarm.  czzix.  SS. 

*  Gathrle,  ^nn.  CItan.  Fharm.  ciiiL  33G. 

*  Fne.  Roy.  Soc.  Tii,  88. 

*  JaqnenuD  and  Towelia»pii,  Cvmpt.  ttatd.  xUx.  8TI. 
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further  heat,  aDd  ma;  be  purified  hy  rectification.^  The  reactios 
ia  as  follows : 

PjSj  +  5C,H,0j  =■  P,Oj  +  5C,H,0S. 

The  theoretical  yield  is  not,  however,  id  thia  case  obttuoed,  and 
pure  phosphorus  pentoxide  is  not  produced.  By-producta  con- 
taining both  sulphur  and  phosphorus  are  farmed,  some  of  which 
are  volatile  only  at  a  very  high  temperature. 

Thiacetic  acid  is  a  colourless  liquid,  which  turns  yellow  on 
keeping.  It  has  an  unpleasant,  mercaptan-like  smell,  resembling 
both  acetic  acid  and  sulphuretted  hydrogen.  At  1Q°  it  has 
a  specific  gravity  of  1074 ;  it  boils  at  03°,  and  yields  a  vapour 
which  at  110°  has  a  density  of  2'93t3.  The  density  diminishes 
as  the  temperature  rises,  and  at  138°  it  becomes  2734,  tbeoiy 
requiring  2  631.'  It  decomposes  on  heating  to  180°,  Thiacetic 
acid  is  easily  soluble  in  alcohol,  but  less  so  in  water.  It  acts 
as  a  tolerably  powerful  acid,  and  decomposes  the  carbonates. 

The  thiacetates  of  the  metals  of  the  alkalis  and  alkaline 
earths  are  soluble  in  water  and  alcohol,  and  may  be  obtained 
crystallized.' 

lead  TkiacetaU,  (C,HjOS)jrb,  ia  obtained  as  a  white  pre- 
cipitate, which  quickly  becomes  grey,  by  adding  an  aqueous 
or  alcoholic  solution  of  the  acid  to  a  solution  of  lead  acetate. 
It  crystallizes  from  hot  water  in  white  needles,  which  soon 
decompose,  with  formation  of  lead  sulphide. 

The  thiacetates  of  copper,  mercury,  silver,  and  iron  have 
not  yet  been  {wepared  pure.  They  decompose  much  more 
quickly  than  the  leadsalt. 

Eihyl  Tkiacdale,  CjHgO.SCjHj,  is  obtained  by  the  action  of 
acetyl  chloride  on  mcrcaptan,*  or  its  sodium  salt'  It  is  an 
ethereal  alliaceous-smelling  liquid,  boiling  at  114° — 116°,  and 
decomposing  in  contact  with  alkalis  into  mercaptan  and  acetic 
acid.  For  this  reason  this  compound  may  be  looked  upon 
as  the  acetate  of  thi-ethyl  alcohol. 

Acetyl  Sulphide  or  Thiacetic  Anhydride,  (CjHjO)  jS,  ia  obtained 
by  the  action  of  phosphorus  pentosulphide  on  acetyl  oxide,  aa 
well  as  that  of  acetyl  chloride  on  potassium  sulphide,  and  it  ia 
likewise  formed  by  heating  lead  thiacetate.     It  is  a  colourless 

'  Kekale  and  Lionenianii,  Ann.  Chan.  Hiam.  cxxiiL  3T8. 
■  CshoQiB,  Ann.  Chem,  Phartn.  cxxviii.  68. 

*  L'lrioli.  »*.  cix.  272. 

*  Mwhler,  Ann,  Chew.  Plvirm.  cIxxtL  177, 

*  Lnt^ucliewici,  Zeiitd..  Chtia.  1S6S,  412. 
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liquid,  which  resemblea  tbiacetic  acid  in  its  smell,  boila  at  121°, 
is  heavier  than  water,  and  ia  decomposed  by  this  liquid  directly 
into  acetic  acid  and  tbiacetic  acid- 

Acetyl  Disalphide,  (CjHjO)(Sj,  is  formed  when  a.  weakly 
acidified  solution  of  a  tbiacetate  is  treated  with  iodine.  It  is 
inaoluhle  in  water,  and  separates  out  from  solution  in  carbon 
disnlpbide  in  large  welUformed  crystals,  which  possess  a  peculiar 
hepatic  smell,  and  melt  about  20°.  Water  decomposes  it 
slowly  in  the  cold,  but  more  quickly  when  heated,  into  sulpbnr 
and  tbiacetic  acid  (£ekul4  and  Liunemaim}. 


NITROGEN    COMPOUNDS   OP  ACETYL. 

335  Acetamide,  CjHjO.NHj,  was  discovered  by  Dumas, 
Leblanc,  and  Malaguti  in  1847,  and  obtained  by  acting  on  acetic 
ether  with  aqueous  ammonia.^  It  is  also  formed  by  the  action 
of  ammonia  on  acetyl  chloride,'  or  by  the  decomposition  of 
ammonium  acetate.*  In  order  to  prepnxe  it,  ethyl  acetate  is 
heated  to  120°,  or  to  a  higher  point,  with  strong  ammonia.  The 
reaction  also  takes  place  in  the  cold,  but  very  slowly,  whilst 
at  a  high  temperature  it  is  quickly  formed : 

fH  fOH^O 

CjHgO.OC,H(  +  N-j  H  -  N-j  H         +  HO.CjHj. 

The  product  ia  rectified,  and  the  portion  boiling  above  200" 
is  retained  by  itself.  This  compound  is  likewise  obtained  by 
saturating  ordinary  commercial  glacial  acetic  acid  with  ammonia, 
distilliug  and  changing  the  receiver,  when  the  temperature  rises 
alKive  200°.  The  portion  which  comes  over  at  a  lower  tempera- 
ture can  again  be  saturated  with  ammonia  and  used  in  a  second 
operation  (Kiindig).  , 

Acetamide  is  also  formed  by  heating  aceto-nitril  (methyl 
cyanide)  with  water  to  180° :  * 

NC.CH,  +  HjO  =  NHj(CO.CHj). 

>  Aim,  Chem.  Fharm.  Ixiv.  33i ;  Cmnfl.  Read.  xxv.  8G7> 
'  Qerlurdt,  Ann.  Ckim,  rhyt.  [3],  ixKni.  29*. 
'  Ktlndi^  Ann.  Chein.  Pharm.  cr.  277. 
*  £d^,  Atat.  Chem.  Phann.  cxiix.  297. 
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Acetamide  forms  colourless  needles,  whicli  have  a  strong  smell 
resembling  that  of  the  excrement  of  mice.  Tbey  melt  at  78°, 
forming  a  liquid  which  solidiiies  to  a  crystalline  mass.  This 
boils  at  222°,  is  easily  soluble  in  water  and  alcohol,  but  insol- 
uble in  pure  ether.  When  heated  with  water  it  decomposes  into 
acetic  acid  and  ammonia.  In  the  presence  of  altalis  or  acids 
this  decomposition  takes  place  more  quidcly.  It  may  be  heated 
almost  to  360°  without  Buffering  decomposition.  Distilled  with 
phosphorus  pentoxide  or  zinc  chloride  it  is  converted  into  aceto- 
nitril  with  loss  of  water,  and  at  the  same  time  some  quantity  of 
acetic  and  hydrocyanic  acids  are  formed.  'When  brought  into 
the  animal  body  it  passes  out  in  the  urine  unaltered  (Bodecber). 

Acetamide  acts  as  a  weak  base  and  combines  with  a  few 
of  the  strong  acids.^  The  hydrochloride,  (C,H30.NH,),HC1,  is 
obtained  by  passing  gaseous  hydrochloric  acid  into  on  alcohol- 
ether  solution  of  the  amide.  It  forms  long  sharp  needles  with 
a  strong  acid  taste,  and  is  soluble  in  water  and  alcohol,  but  not 
in  ether.  The  alcoholic  solution,  on  standing  for  some  tJme, 
deposits  crystals  of  sal-ammoniac.  In  the  preparation  the 
compound,  CjHjONHj,HCl,  is  first  formed,  and  this  readily 
passes  into  the  foregoing  body  by  loss  of  hydrochloric  acid.' 

If  acetamide  be  dissolved  in  cold  strong  nitric  acid,  and  the 
solution  allowed  to  evaporate,  colourless  crystals  of  the  com- 
position CjHjO.NHpHNO,,  are  formed,  and  these,  on  beating, 
first  fuse  and  then  deflagrate. 

Like  the  other  ocid-omides  the  hydrogen  in  acetamide  can 
be  replaced  by  certain  metals  (Strecker).  Of  the  products  thus 
formed,  iilver  acetamicU,  C,H,O.NHAg,  and  mercury  acetamide, 
(CjH,0.NH)2lIg,  are  the  most  important 

Ethyl  Acetamide,  C,H,O.NH(C,H(),  was  obtained  by  Wuite,* 
by  evaporating  a  solution  of  ethylamioe  and  ethyl  acetate,  as 
well  as  by  acting  on  ethyl  isocyanate  with  glacial  acetic  acid : 

N I  g^s  +  CjHjO.OH  -  N I  ^0  +  CO,. 

It  is  also  formed  by  heating  ethylamine  acetate.  * 

It  is  a  thick  colourless  liquid,  soluble  in  water,  boiling  at 
205°.     Dry  cblorine   gas  converts   it  into  cMorethyl  aeetamide, 

'  Strecktr,  Ann.  Chem.  Pharm,  ciii.  321. 

*  Planer  aad  Elpiii,  Ser.  DetUaA.  CMtm.  Oa.  z.  1889. 
'  Ann.  Chem.  Fkarm.  IxivU.  834. 

*  Unnemanu,  Wit*.  Akad.  Ser.  Iz.  41. 
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C,H,0.NC1(C,Hb),  a  aeutral  mobile  liquid,  which  has  a  &iiit 
cam[^or-like  smell,  and  eauly  undergoes  decomposition.^ 

336  IHacetamide,  (C,H,0)^II,  was  first  obtained  by  Strecker 
by  heating  acetamide  hydrochloride  in  closed  tubes  to  200°,  as 
well  as  by  acting  on  heated  acetamide  with  hydrochloric  acid. 
It  is  then  formed  by  the  following  equation : 

+  HOI  -  N-j  C^O  +  NH^Cl. 

The  distillate,  which  contains  some  acetyl  chloride,  acetonitril, 
and  much  free  acetic  add,  as  will  be  explained  hereafter, 
solidifies  to  a  mixture  of  acetamide  and  diacetamide.  This 
is  dissolved  in  ether  and  hydrochloric  acid  passed  in,  when 
acetamide  hydrochloride  separates  out,  whilst  diacetamide 
remains  in  solution.*  It  is  also  formed  in  small  quantity  by 
the  action  of  acetyl  chloride  on  acetamide  (Kekul^),  as  well  as 
when  acetonitril  is  heated  with  glacial  acetic  acid  to  200° — 250°.* 
Its  formation  is  perfectly  analogous  to  that  of  acetamide  from 
acetonitril  and  water. 

Diacetamide  is  easily  soluble  in  water,  alcohol,  and  ether,  and 
crystallizes  in  long  needles  which  melt  at  74° — 75*  (Wicbelbans), 
the  liquid  boiling  at  215°  (Linnemann).  It  is  distinguished 
from  acetamide  by  not  possessing  basic  properties,  but  acting 
as  a  weak  add,  turning  litmus  red,  and  forming  &  silver  salt 
which  has  not  been  spedally  examined. 

Sthyl  Diacetaviide,  N(C^bO)jCjHj,  is  a  coloorless  liquid 
boiling  at  185" — 192°,  obtained  by  Wurtz  by  acting  on  glacial 
acetic  acid  with  ethyl  isocyanate  at  a  temperature  of  180* — 200°. 

337  TriacdamieU,  N(CjH,0),,  is  formed  with  difficulty  by  heat- 
ing acetonitril  with  acetic  anhydride  to  200°.  It  crystallizes  from 
anhydrous  ether  in  small  elastic  needles,  which  melt  at  78° — 79°f 
are  odourless,  possess  a  perfectly  neutral  reaction,  and  do  not 
exhibit  any  baddty.  This  is  easily  explained,  inasmuch  as  the 
bamc  character  of  the  ammonia  ia  altogether  destroyed  by  the 
replacement  of  the  three  hydrogen  atoms  by  three  acid  radicals. 
It  however  does  not  possess  the  character  of  an  add,  because  it 
does  not  contain  any  bydrogen  replaceable  by  a  metal,  whilst 
diacetamide  is  a  stronger  acid  than  acetamide. 

'  TKhaniuk  and  Norton.  Coatpl.  Send.  Ixzxn.  1409. 

*  Jinn.  Chan.  Pharm.  diL  S2I. 

*  KeknU,  Zehrb,  I  S71  i  GantiFT,  Compt.  Send.  Izril.  125S  j  Linnemum, 
Wim.  JUcad.  Ber.  Ix.  14. 
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Ac^iamiiu,  C,HgN,~Tbe  hydroclilt^de  of  this  base  remains, 
mixed  with  aal-ammomac,  in  tlw  residue  obtained  in  the  prepa- 
ratioa  of  diacetamide  from  acetamide  and  hydrochltvic  acid.  It 
may  be  separated  &om  sal-ammoniac  by  dissolving  it  in  a  mix- 
ture of  ether  and  alcoboL  It  crystallizes  in  colourless  {msms,  and 
with  platinum  chloride  forms  the  compound  (CjHgNj,H01)sPtGJ4. 
It  is  easily  soluble  in  water,  and  on  evaporation  is  deposited  in 
reddisL-yellow  crystals.  If  the  hydrochloride  be  treated  with 
silver  sulphate,  the  sulphate  of  acetdiamine,(C,H,N,)^O^Hy  is 
obtained,  and  this  separates  from  alcoholic  solution  in  pearly 
scalea.  The  fi«e  base  cannot  be  prepared,  inasmuch  as  in 
presence  of  water  it  decomposes  into  ammonia  and  acetic  acid. 
Its  formation  and  constitution  are  seen  from  the  following 
equation ; 


CHg  CHj  G^^ 

CO.NH,    ^    CO.OH  CCNH)NHr 


Tawildarow,  who  repeated  Strecker's  experiments  on  heating 
acetamide  and  hydrochloric  acid,  obtained  only  a  mixture  of 
sal-ammoniac  and  acetamide.^ 

338  Acetyl  Carbamide  or  Aeetyl  Urea.  CO(NHj)(NH.CjH,0), 
is  produced  by  heating  urea  with  acetyl  cUoride  to  120°.  It 
cTjnstaUizes  from  water,  in  which  it  is  easily  soluble,  in  stellar 
prisms.  It  is  difficultly  soluble  in  alcohol,  and  separates  from 
alcoholic  solution  in  four-sided  silky  needles.  It  melts  at  200*, 
and  solidifies  to  a  ciystalline  mass,  which,  when  dissolved  in 
alcohol,  deposits  thick  rhomlnc  prisms.' 

JHactiyl  Carbamide,  00(NH.C,H30)„  is  produced  by  heating 
uiea  with  carbonyl  chloride  to  50°,  whilst  at  the  same  time 
acetyl  chloride,  sal-ammoniac,  carbon  dioxide,  and  acetonitril 
are  formed.  Biacetyl  urea  crystallizes  fi^m  hot  alcohol  in 
rhombic  needles,  which  on  heating  first  melt  and  then 
sublime.' 

Acetyl  Cyanide,  CfHgO.CN,  is  obtained  by  heating  silver 
cyanide  with  acetyl  chltnide  to  100*.  It  is  a  colourless  liquid, 
boilii:^  at  93°,  and  its  vapour  possesses  a  density  of  2*4.  It 
has  a  smell  analogous  to  that  of  hydrocyanic  and  acetic  acids, 

»  Ber.  DtuiieK  Chan.  Ot*.  v.  477. 

*  Zinin,  Am.  Ci€m,  Pkarm.  iciL  403. 

*  £.  Schmidt,  Joum.  RvU.  Chen,  [2X  t.  tS. 
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aod  is  insoluble  in  water,  swimming  on  the  surfiuie  of  this 
liquid  like  oil,  and  being  gradually  conTeited  into  these  two 
compounds.'  Owing  to  its  easy  decomposability,  it  must  be 
assumed  that  this  compound  Is  related  to  the  carbamines, 
and  that  the  cyanc^en  in  this  is  connected  with  the  acetyl 
group  by  means  of  nitrogen.  If,  however,  it  be  heated 
with  hydrochloric  acid  it  is  transformed  into  pyro-racemic 
add,  Cl^OO.CO.OH,  and  hence  it  behaves  as  the  nitril 
of  this  acid.*  It  is,  therefore,  probable,  that  this  latter  is 
formed  only  under  the  action  of  heat,  or  ia  the  presence  of 
hydrochloric  acid. 

Acetyl  cyanide  is  easily  converted  into  the  polymeric  com- 
pound (CjH,0),(CN)jj;  this  forms  large  tabular  crystals,  melting 
at  69",  and  remaining  liquid  for  some  time.  This  boils  at  208°- 
209°,  and  yields  a  vapour  which  baa  a  density  of  4*9  to  50. 
It  decomposes  with  water  into  hydrocyanic  and  acetic  acids. 
(Hilbner). 

Acetyl  TkioeyanaU,  CgHgO.SCN,  is  formed  by  the  action  of 
acetyl  chloride  on  lead  thiocyanate.  It  is  a  colourless  liquid, 
which  becomes  red  on  exposure  to  air,  attacks  the  eyes 
violently,  and  boils  at  131° — 132°.'  This  compound  may  perhaps 

be  acetyl  mnatard-oil,  N  J  q^^ 


ACETONITRIL  AND  ITS  DERIVATIVES. 

339  AcetoniirU  ot  Methyl  Cyanide,  CH,CN,  was  discovered  by 
Dumas*  in  184>7,  who  obtained  it  by  distillii^  ammonium 
acetate  with  phosphorus  pentozide.  In  conjunction  with 
Leblanc  and  Malaguti,  Dumas  afterwards  joepared  it  by  dis- 
tilling potassium  cyanide  with  potassium  etiijl  sulphate.  The 
authors  state  that  the  compound  thus  prepared  is  mixed  with 
hydrocyanic  acid  and  ammonium  formate,  which  impart  to  it 
a  most  unpleasant  smell  and  taste,  and  render  it  poisonous. 
These  impurities  may,  however,  be  got  rid  of  by  heatiag  it 

>  Hiibuar,  Ann.  CAcn.  Pharm.  exx.  3S4. 

>  Cl»i>*eii  uid  Sludirell,  Btr.  Seuiaeh.  Chtm.  Qa.  zi.  1S68. 
■  UiqutI,  Compl.  Said.  Imi   1200, 

*  Compl.  Sntd.  XXT.  8SS. 
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frith  mercuric  oxide,  and  then  distiUiiig  with  phosphorus  peot- 
oxide.  The  poisonoua  properties  then,  to  a  great  extent,  dis- 
appear. '  We  now  koow  that  the  unbearable  odour  arises  &otn 
an  admixture  of  the  isomeric  methyl  carbamine  (see  p.  224), 
and  this  maj  easily  be  got  rid  of  bj  treatment  with  dilute 
sulphuric  acid.' 

Pure  acetonitril  is  likewise  obtained,  according  to  Eofmann 
and  BucktOD,  by  mixing  equal  volumes  of  acetamide  and  phos- 
phorus pentozide,  when  a  rapid  evolution  of  heat  takes  place  and 
the  compound  distils  over : 

CH,.CO.NH,  =  CH,.CN  +  H,0. 

The  product  is  then  washed  with  dilute  caustic  potash  in  order 
to  remove  hydrocyanic  and  acetic  acids,  and  dried  over  phos- 
phorus pentoxide.' 

It  may  hkewise  be  prepared  by  boiling  acetamide  with  some 
glacial  acetic  acid,  and  passing  the  vapour  through  a  distillatioii- 
tube,  suggested  by  Bel-Henntnger,  which  is  so  long  that  the 
undecomposed  amide  flows  back  agiun,  whilst  water  and  the 
nitril  distil  over.  This  decomposition,  however,  only  takes 
place  very  slowly.* 

Acetonitril  is  also  found  in  the  products  of  distillation  of  the 
beet-root  vinasse,'  and  likewise  occurs  in  coal-tar  naphtha.  It  is 
a  colourless  liquid,  which  at  0'  has  a  specific  gravity  of  0'8052, 
possesses  an  ethereal  and  aromatic  smell,  and  boils  at  82° 
(Qautier).  It  is  singular  that  on  addition  of  alcohol  the  boiling 
point  of  this  substance  is  considerably  reduced.  The  mistaie 
which  boils  at  the  lowest  point  is  one  containing  44  per  cent 
of  the  nitril,  and  the  boiling  point  is  lowered  to  72°-6,  whilst  on 
further  addition  of  alcohol  it  again  rises.  In  order  to  sepaiate 
the  acetonitril  from  admixture  with  alcohol,  the  whole  is 
frequently  distilled  over  calcium  chloride  from  a  water-bath,  and 
tho  last  traces  of  alcohol  removed  by  distillation  over  phos- 
phorus pentoxide.  Methyl  alcohol  acts  similarly  to  the  ethyl 
alcohol.* 

The  vapour-density  of  acetonitril  is  1-45  (Dumas).      When 


■  Comjit.  Said.  iit.  443  and  174. 

■  A*».  C\a».  Pkarm.  o.  130. 
»  Tincent,  B%dl.  Soc.  Chim.  iiiL  : 

■  Vinceat  ud  Del«ch»n«l,  BuU.  Sac.  Chim.  i 
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ignited,  the  nitril  bume  with  a  bright  red-numtled  flame.  It 
is  miscible  with  water,  and  when  heated  with  caustic  potash 
acetic  acid  is  formed  (Dumas).  When  its  solutiou  in  absolute 
alcohol  is  treated  with  hydrochloric  acid  or  sulphuric  acid  it 
forms  etii;l  nitrate.^  When  mixed  with  an  equal  number  of 
molecules  of  dry  hydrobromic  or  hydriodic  acids,  it  forma  crys- 
talliAe  compounds  which  have  not  been  fully  investigated.* 
Heated  with  bromine  to  100°,  it  forms  the  compound 
C,HtNBr„  a  B%htly  yellow  crystalline  mass,  which  fiimes  on 
exposure  to  air,  melts  when  gently  heated  at  65°,  and  sub- 
limes in  apparently  rhombic  prisms.  When  silver  nitrate 
is  added  to  its  alcoholic  solution,  only  half  of  the  bromine  is 
precipitated,  and  hence  it  is  probably  bromacetonitril  hydro- 
bromide,  CH^rCN.HBr.« 

Phosphorus  pentoxide  dissolves  readily  in  acetonitril ;  and  if 
this  liquid  be  distilled  at  first,  a  portion  of  the  acetonitril 
passes  over,  and  afterwards  a  gelatinous  residue  remains  behind, 
resembling  silicic  acid.  This  is  a  compound  of  phosphorua 
pentoxide  with  acetonitril,  and  decomposes  into  its  constituents 
when  more  strongly  heated  (Vincent  and  Delachanal). 

When  acetamide  is  distilled  with  phosphorus  pentachloridoi 
and  the  distillate  rectified,  that  portion  being  collected  by  it- 
self which  boils  at  72°,  a  colourless  thin  liquid  is  obtained, 
having  the  composition  C,H,NFCI,.  This  has  a  strong  smell, 
and  attacks  the  eyes  and  mucous  membrane.  It  sinks,  when 
poured  into  water,  and  decomposes  after  a  short  time  into 
phosphorous  acid,  hydrochloric  acid,  and  acetamide. 

When  heated  with  an  equal  number  of  molecules  of  titanium 
tetrachloride,  tin  tetrachloride,  or  antimony  pentachloride, 
acetonitril  combines  directly  to  form  white  crystalline  com- 
pounds capable  of  being  sublimed,  and  of  beii^  decomposed 
by  water.* 

Cyanmethine,  CgH,N,,  is  formed  by  the  action  of  sodium  on 
acetonitril,  when  at  first  a  violent  action  takes  place,  but  the 
action  must  be  stimulated  afterwards  by  warming  on  a  water- 
bath.  In  this  reaction  marsh  gas  is  evolved,  together  with 
other  products  (see  Cyanethine). 

The  cyamuethine  or  trimethyl  cyanuride  thns  obtained  is 

>  Btcfcniiti  iDil  Otto,  Ber.  DmUtch,  CKem.  Oa.  ix.  ISSO. 
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soluble  in  water,  difficultly  soluble  in  alcohol,  and  cryatallisB 
in  moDoclinic  prisma  wfaicb  melt  at  180° — 181*,  and  sublime  in 
white  needles.  It  has  a  bitter  taste,  like  quinine,  and  its  vapour 
has  an  irritating  smell.  Gyanmethine  is  a  monacid  base.  Its 
salts,  as  a  rule,  crystallize  well,  and,  like  many  organic  bases, 
it  combines  with  Iodine  in  alcoholic  solution,  when  crystals  aie 
formed  of  the  composition  CfH,^,!^  These  appear  red  by 
reflected  and  yellow  by  transmitted  light.  When  exposed  to 
tbe  air,  or  on  beating  with  water,  they  give  tip  iodine.  Tbe 
bydriodide  also  unites  with  iodine  to  form  the  compound 
C^H^N^HI.!,,  forming  crystals  which  are  violet  by  refle<Aed 
and  orange-yellow  by  transmitted  light.  This  compound  can 
take  up  another  molecule  of  iodine,  when  dark -blue  prisms  are 
formed ;  but  this  body  owing  to  its  extreme  unstal»lity  has  not 
yet  been  obtained  in  the  pure  state.^ 

340  Fulminic  Acid  or  Nitro~acetonitTil,CSj(SO^(JN. — In  tbe 
Fhiloeopfaical  Transactions  for  the  year  1800,*  Howard  states 
that  be  had  found  that  when  mercury  is  heated  with  nitric  acid 
and  alcohol  an  explosive  compound  is  formed.  This  compoaod 
was  afterwards  known  as  Howard's  fulminatii^  mercury.  The 
same  chemist  then  proved  that  a  similar  compound  was  formed 
in  the  case  of  silver,  as  indeed  Brugnaletti  *  bad  also  shown. 
Howard*  believed  that  fulminating  mercury  was  a  compound 
of  nitrous  ether  (or,  as  he  termed  it,  "  nitrous  etherized  gas  ") 
and  oxalate  of  morcury,  with  an  excess  of  oxygen.  Brugnaletti, 
on  the  other  hand,  considered  the  explosive  body  to  be  oxalate 
of  silver.  Again,  at  a  later  date,  it  was  believed  to  be  a  double 
■alt  of  oxalate  of  ammonia  and  the  oxalate  of  mercury  or  silver. 
This  view  of  the  composition  of  these  explosive  bodies  was  held 
until  1822,  when  Liebig,  in  his  first  research,  showed  that  they  are 
the  salts  of  a  peculiar  add  to  which  he  gave  the  name  ofjviminie 
acid,  and  the  composition  of  which  he  sought  to  determine.' 
This  was  definitely  ascertained  in  a  research  which  he  made  in 
1824  in  association  with  Gay-Lussac,'  in  which  it  was  shown 
that  fulminic  acid  possesses  the  same  composition  as  cyanic 
acid.  As,  however,  at  this  period,  the  existence  of  isomeric 
bodies  had  not  been  proved,  it  was  not  deemed  possible  that 
bodies  possessing  properties  so  totally  different  could  have  an 

>  Bajer,  Ber.  DttOieh.  Chtrn.  da.  ii.  810 ;  ir.  ITS.  >  Put  i.  p.  SOI. 

•  Aim.  da  OMm.  zxriL  (17BS),  p.  8S1.  *  Pha.  Trmu.  1800,  p.  232. 

•  An».  dt  Ckim.  tAt.  Ui  (ISaS). 

•  ii.  zxr.  3Si  {l&U).    Conpan  mlM  Uebig,  J»m.  C}m».  JAotm.  L  42». 
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identical  compositioo.  Liebig,  therefore,  in  1825  suggested  that 
perhaps  cyaoic  acid  oontaina  someThat  less  ozjgen  than  ftilminic ; 
but  this  -was  disproved  by  Wohler  in  the  same  year.  Shortly 
afterwards  Liebig  ascertained  beyond  doubt  that  fulnunate  and 
cyanate  of  edver  have  the  same  composition. 

Kespecting  the  constitution  of  the  brst  of  these  adds,  a 
varie^  of  views  were  put  forward.  That  it  contained  cyano- 
gen was  shown  by  the  fact  that,  ia  a  variety  of  decompositions, 
its  salts  yield  hydrocyanic  acid.  Laurent  and  Gerbardt  were 
the  first  to  propose  the  view  that  it  is  a  nitro-compound,  and 
they  considered  it  as  a  secondary  nucleus  derived  &om  the 
primary  aucleus,  CjH^,  namely,  OjNfNOjHy  The  inveeti- 
gations  of  SchiscbkofT  ^  and  Eekul^*  then  proved  that  fulminic 
acid,  which  is  not  known  in  the  pure  state,  must  be  regarded 
as  nitro-acetonitril.  Being  a  nitro-compound,  it  possesses 
acid  properties,  and  forms  salts,  all  of  which  are  highly 
explosive.  Of  these  fulminate  of  mercury  ia  prepared  on  the 
large  scale. 

Silver  Fvlminate,  Ct(NOj)NAg,. — In  order  to  prepare  fulmi- 
nating silver  the  following  process  is  recommended  by  Liebig  and 
Qay-Lussac.  One  part  of  silver  is  dissolved  in  20  parts  of  nitric 
acid  of  specific  gravity  1*36,  and  27  parts  of  66  per  cent,  spirit 
of  wine  added,  and  the  whole  gently  heated  until  it  froths  up. 
The  liquid  is  then  removed,  and  27  parts  or  more  of  spirit  of 
the  same  strength  added,  in  order  to  reduce  the  violence  of  the 
reaction.  Fulminating  silver  separates  out  on  cooling,  the 
weight  of  which  is  eqnal  to  that  of  the  metal  employed.  The 
reaction  is  represented  by  the  following  equation : 
CH,.CH,.OH  +  2  AgNO,  +  N,0,  -  CN.CAg.CNOj)  +  2  HNO,  +  S  H,0. 

The  nitrogen  triozide  required  for  this  reaction  ia  obtained 
by  the  action  of  the  nitric  acid  on  the  alcohol.  That  the  above 
correctly  represents  the  reaction  was  proved  by  Liebig,  inasmuch 
as  he  showed  that  it  is  also  obtained  when  nitrogen  trioxide  is 
passed  into  an  alcoholic  solution  of  silver  nitrate.'  Silver 
fulminate  crystallizes  in  white  opaque  glisteuing  needles,  having 
a  bitter  metallic  taste,  and  being  scarcely  soluble  in  water. 
It  has  been  shown  that,  given  in  certain  doses,  it  produces 
violent  convulsions  (Pagot-la-For3t),  while  in  doses  of  0'3  gram 
it  acts  as  a  narcotic  (Ittner). 

1  Jim.  Chem.  Fharm.  cL  213 ;  Snppl.  L  104. 
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Fulrainating  silver  is  an  extremely  dangerous  body,  as  it  ex- 
plodes most  violently  on  percussion  or  on  heating,  emitting  a  bine- 
redd  ish- white  flame  (Liebig).  It  is  therefore  necessary  that  the 
greatest  care  be  taken  in  its  preparation.  Large  vesselB  must  be 
employed,  in  order  that  none  of  the  liquid  may  froth  over  and 
afterwards  dry  up  and  the  dry  mass  explode.  The  vapours  which 
are  evolved  must  not  come  in  contact  with  any  flame ;  and  when 
the  liquid  is  stirred,  a  wooden  stirrer,  and  not  a  glass  one,  must 
be  made  use  of.  It  even  explodes  in  the  moist  state,  but  not 
BO  readily  as  when  dry.  Hence  it  must  be  taken  up  only  with 
paper,  and  kept  in  vessels  of  paper  or  cardboard,  and  not  placed 
in  a  glass  bottle,  where  the  friction  of  the  stopper  might  cause 
explosion.  If  fulminate  of  silver  be  thrown  into  a  bottle  con- 
taining chlorine,  it  deflagrates  before  it  touches  the  bottom,  and 
does  not  crack  the  vessel  (£.  Davy).  When  ignited  under  a 
diminished  pressure  amounting  to  2  to  3  mm.  by  means  of  a 
platinum  wire  heated  by  an  electric  current,  it  bums  slowly  with 
a  visible  flame.  It  dissolves  in  hot  aqueous  ammonia,  and 
on  cooling  white  crystalliue  grains  separate  out  of  amrrumium 
tilvcr  fulminate,  Ci^Oj)NAg(NH,).  This  explodes  more  vio- 
lently than  silver  fulminate,  and  deflagrates  even  under  a 
liquid  when  it  is  touched  with  a  glass  rod.  If  fulminate  of 
silver  be  heated  with  water  to  the  boiling  point,  and  potassium 
chloride  added  aa  long  as  an  opalescence  is  produced,  jiwtosnitm 
tilver/uiminate,  Cj(NOj)NAgK,  is  formed,  and  this,  on  evapor- 
ating the  solution,  is  deposited  in  long,  white,  glistening  tab- 
lets, which  are  also  very  explosive.  Similar  double  salts  are 
also  formed  with  the  chlorides  of  the  other  metals  of  the  alkalis 
and  alkaline  earths.  When  nitric  acid,  not  in  excess,  is  added 
t«  a  solution  of  the  potassium  salt,  hydrogen  tdver  fidmiwUt, 
Cj(NOj)NAgH,  is  thrown  down  as  a  white  powder,  which  can 
be  obtained  in  crystals  from  hot  aqueous  solution  and  has  an  acid 
reaction.  If  this  be  boiled  with  mercuric  oxide  and  water,  a 
double  salt  of  the  fulminates  of  mercury  and  silver  is  obtained 
(IJebig). 

341  Merewry  FulminaU,  C,(NO^NHg, — ^Various  methods  have 
been  published  for  the  preparation  of  this  compound.  Accord- 
ing to  Liebig  it  is  best  prepared  on  the  small  scale  as  follows. 
Three  parts  of  mercury  are  diaaolved  in  36  parts  of  nitric  acid 
of  specific  gravity  1'34>,  without  warming.  After  complete 
solution  the  liquid  is  poured  into  a  gloss  flask  which  is  capable 
of  containing  IS  times  the  quantity,  and  containing  17  parts 
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of  alcohol  of  from  90  to  92  volumes  per  cent  The  liquids  are 
then  well  mixed  and  again  poured  into  the  first  vessel,  which  is 
of  the  same  size,  shaken  ia  order  that  the  nitrous  fumes  shall 
he  absorhed,  and  the  whole  then  allowed  to  stand.  After  a 
few  minutes,  hubbies  are  seen  to  he  evolved,  and  a  highly 
refracting  liquid  is  seen  to  separate  out  on  the  bottom  of  the 
Bask,  and  the  whole  is  then  well  shaken  up  so  aa  to  miz  this 
with  the  rest  The  liquid  then  becomes  black,  with  separa- 
tion of  metallic  mercury,  and  a  very  violent  reaction  takes  place, 
which  is  moderated  by  the  gradual  addition  of  17  parts  of 
alcohol.  Thin  crystals  of  mercuric  fulminate  separate  out  on 
cooling. 

On  the  lai^e  scale  it  is  best  prepared  by  dissolving  I  part  of 
mercury  in  10  parts  of  nitric  acid  of  specific  gravity  133,  and 
to  every  kil<^ram  of  the  acid  1  liter  of  alcohol  of  specific  gravity 
0'833  is  added.  The  reaction  generally  begins  spontaneously, 
bat  sometimes  it  has  to  be  induced  by  slight  warming.  The 
operation  is  carried  on  either  in  a  tubulated  retort,  in  which 
case  the  gases  evolved,  consisting  of  nitrous  fumes,  hydrocyanic 
acid,.  &c.,  are  led  into  a  flue,  or  large  glass  balloons  are  em- 
ployed, Mid  the  decomposition  carried  on  in  these  in  an  open 
wooden  shed.  The  reaction  is  left  to  itself  as  soon  as  the 
alcohol  has  been  added,  and  the  operator  does  not  again 
apfuroach  the  shed  until  the  operation  is  complete. 

Fulminating  mercury  forms  white  or  often  grey-coloured 
prisms,  which  are  anhydrous  and  have  a  specific  gravity  of 
4'42.  It  is  insoluble  in  cold  water,  and  crystallizes  &om  hot 
water  in  silky  needles  which  have  the  composition  2Cj(N02)NHg 
+  H,0  (Scbischkoff)  and  have  a  sweet  metallic  taste.  Warm 
aqueous  ammonia  at  30° — 35°  dissolves  about  four  times  its 
weight  of  mercuric  fulminate,  and  on  cooling  large  finely 
developed  prisms  separate  out  (Steiner). 

Mercuric  ^Iminate  explodes  violently  on  percussion,  but 
when  ignited  with  a  flame  it  only  burns  quickly  like  gun- 
powder, and  with  a  reddish  flame,  the  following  decomposition 
taking  place : 

OHg(NO^CN  -  2  CO  4-  N,  -I-  Hg. 
Id  the  moist  state  it  can  be  bandied  without  danger,  and  when 
heated  to  100°  it  does  not  explode  if  the  crystals  do  not  con- 
tain  any  inclosed  mother-liquor.      If  this  be  the  case,  how- 
ever, they  decrepitate  on  beating,  and  the  flame  thus  produced 
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majE  cause  violent  explosions  to  take  place  below  100°.  Hennell, 
-whose  name  bas  formerly  beea  mentioned,  and  who  waschemical 
operator  to  the  Apotfaecaiiea'  Company  in  London,  was  killed  in 
1842  whea  conducting  experiments  on  filling  hand-grenades 
irith  fulminating  mercury  to  be  used  in  the  first  Afghan  war. 
TheefTects  of  the  explosion  of  this  compound  are,  however,  only 
felt  at  a  short  distance  from  the  point  of  explosion.  Thus,  the  sub- 
stance may  be  detonated  by  beat  in  a  glass  tube  from  2  to  3  cm. 
in  width  without  the  tube  being  broken,  the  metallic  mercury 
which  is  formed  condensing  on  the  cold  parts  of  the  tube.^ 
The  pressure  exerted  by  the  gases  which  are  evolved  by  the 
decomposition  of  fulminating  mercury  is  less  than  that  caused 
by  the  explosion  of  an  equal  weight  of  gun-cotton,  the  much 
greater  action  of  the  former  detonating  agent  being  accounted 
for  by  the  density  of  the  compound,  and  by  the  fact  that  the 
decomposition  occurs  in  an  infinitely  short  space  of  time.  For 
this  reason,  the  gasea  evolved,  at  the  first  moment  are  actually 
compressed  into  the  volume  of  the  solid  compound,  and  a  pres- 
sure of  DO  less  than  48,000  atmospheres  is  exerted  on  a  solid 
surface  exposed  to  the  detonating  agent.  Berthelot  and  VieiUe 
have  recently  exploded  fulminating  mercury  in  a  steel  bomb- 
shell of  such  dimensions  that  the  final  pressure  did  not  rise 
above  fifty  atmospheres,  and  yet  a  distinct  impression  of  the 
solid  salt  was  made  in  the  steel  where  the  detonator  was  placed. 
Fulminating  mercury  was  formerly  solely  used  for  the  {repa- 
ration of  percussion  caps,  and  it  is  still  used  for  this  purpose ; 
but  it  is  now  employed  on  a  much  more  extensive  scale  for  the 
manuEacture  of  the  detonators  used  for  exploding  gun-cotton, 
dynajnite  and  other  nitro-glycerin  preparations. 

Mercuric  fulminate  readily  forms  soluble  double  salts  with 
potassium  cyanide,  potassium  thiocyanate,  and  ammonium 
.thiocyanate  (Steiner). 

Other  metallic  fulminates  can  ea^y  be  obtained  &om  mer* 
curio  fulminate. 

Zinc  FulminaU,  C,(N0j)N2^— A  solution  of  thb  salt  is  ob- 
t^ned  by  leaving  zinc  and  water  in  contact  with  mercuric  fulmi- 
nat«.  On  allowing  the  solution  to  evaporate  spontaneously  clear 
rhombic  tables  of  the  above  salt  are  obtuned,  and  these  are  very 
explosive.  If  baryta  water  be  added  to  the  &eshly-prepared  so- 
lution until  no  further  precipitation  takes  place,  and  the  baryta 
contained  in  solution  be  precipitated  by  means  of  carbon  dioxide 
>  SiUinMn,  Ainer.  Joum.  (ISIB),  L  169. 
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and  the  solution  evaporated,  bright  four-aided  prisma  aepuate 
out  from  the  a^rupy  leaidue,  consisting  of  a  double  salt  of  ba- 
rium fulminate  and  zinc  fiilminate.  If  this  be  decomposed  with 
the  exactly  necessary  quantity  of  sulphuric  acid,  a  liquid  is  ob- 
tained which  haa  a  smell  resembling  hydrocyanic  acid,  and  a  taate 
which  is  at  first  sweet  and  afterwards  pungent  and  astringent. 
This  dissolves  various  bases,  giving  rise  to  double  salis  contain- 
ing zinc,  which  were  investigated  by  £.  Davy,*  and  looked  upcm 
by  him  as  pure  fulminates.  Tbia,  however,  was  shown  by  Fehl- 
ing  ^  to  be  erroneous.  These  are  chiefly  soluble  in  water,  possess 
a  sweetish  taste,  precipitate  a  silver  solution,  and  are  explosive. 

Copper  FvlmiTuUe,  Cj(NO^NCu,  is  obtained  by  boiling  copper 
with  water, and  mercuric  fulminate.  It  forms  green  crystals, 
difficultly  soluble  in  water,  which  when  heated  explode  violently. 

34a  DecompontioTts  of  the  Fviminaies.  If  a  fulminate  be  dis- 
tilled with  bleaching  powder  and  water,  chloropicrin  is  formed, 
and  this  is  also  produced,  together  with  cyanogen  chloride, 
by  the  action  of  chlorine : 

CHg,(NO^CN  +  3C],  =  CClsNO,  +  ONCl  +  Hg.CI, 
Bromine  acts  in  a  similar  way,  but  at  the  same  time  dihrom- 
nUro-acetonitrit,  Gg(I^O^NBr,,  is  formed.  This  is  insoluble 
in  water,  and  separates  out  from  ether  and  alcohol  in  large  well- 
formed  crystals,  which  smell  like  chloropicrin,  melt  at  50°,  and 
begin  to  decompose  above  130°,  but  may  be  distilled  in  a  cur- 
rent of  steam.  If  iodine  be  added  to  mercuric  fulminate  ii^ 
the  presence  of  ether,  di-wdo-nitro-acetonitril,  Cj(NO,)NI(,  is 
formed.  This  separates  out  in  large  monoclinic  prisms  on 
evaporating  the  solution,  which  melt  at  86°  with  decomposition.' 

By  the  action  of  sulphuretted  hydrogen  on  the  fulminates, 
ammonium  thiocyanate  and  carbon  dioxide  are  produced,  to- 
gether with  a  metallic  sulphide.  According  to  Steiner,*  a  very 
unstable  intermediate  product  is  obtained,  having  the  composi- 
tion CjH^NjOjS,  produced  by  the  combination  of  sulphuretted 
hydrogen  with  nitro-acetomtril,  and  possessing  the  following 
com.titution:  C(NO,)H, 


*  TVmw.  DiOL  Soe.  1829  ;  J3trtaiu$,  Jahrtti.  uL  B5  and  120. 
'  Ami.  Fharm.  zxvil  ISO. 

■  Sell  aad  Biadennum,  Ber.  Deutxh.  Chtm.  Qu.  v.  89. 

•  Ber.  DeattA.  ChtmL.  Oe*.  rioL  1177 ;  ix.  776. 
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In  order  to  obtain  this  in  the  pure  state,  ether  is  poured  on  to 
mercuric  fulminate,  and  sulphuretted  hydrogen  led  into  the  mix- 
ture, which  is  kept  well  cooled.  On  allowing  the  ether  slowly  to 
evaporate  spontaneously,  the  above  compound  separates  out  in 
microscopic  crystals.  If  it  is  gently  warmed  with  water  it  is  de- 
composed into  the  above  products,  and  when  quickly  warmed  sul- 
phur separates  out.  The  body  undergoes  the  same  decomposition 
at  the  temperature  of  summer  in  a  few  hours.  By  the  further 
action  of  sulphuretted  hydrogen  on  the  ethereal  solution,  am- 
monium thiocyanate,  oxalic  acid,  and  free  sulphur  are  obtained. 
If  mercuric  fulminate  be  heated  with  aqueous  ammonia,  urea 
and  guanidino  are  formed, together  with  other  subetances(Steiner). 
Gladstone  also  obtained  urea,  together  with  amm|nium  thio- 
cyanate, by  acting  with  sulphuretted  hydrogen  on  I  solution  of 
copper  fulminate  in  an  excess  of  ammonia.' 

FuLHmuiuc  Acid,  or  IsocTANtnuc  Acm,  C,H,N,Or 
343  This  compound  was  obtained  almost  simultaneously  by 
Liebig  *  and  by  Schiscbkoff.*    It  is  fcvmed  by  boiling  a  soluble 
metallic  chloride  or  iodide  with  water  and  mercuric  fulmlnato ; 

2  C,(NOi)NH,  +  H,0  =  C,(NO^H,N,0  +  CO,  -t-  KH, " 
It  is  also  produced,  together  with  ammonium  thiocyanate,  by 
acting  on  an  aqueous  solution  of  barium  sulphide  with  mercuric 
fulminate  (Kekul^),  as  well  as  when  the  same  is  warmed  with 
alcoholic  solution  of  unmonia,  when  the  basic  mercuric  salt  is 
formed  (Steiner).  In  order  to  prepare  the  acid,  from  60  to  75 
grams  of  well-washed  mercuric  fulminate  are  boiled  with  700  to 
800  cc.  of  water  and  60  cc.  of  a  saturated  solution  of  eal- 
ammoniac  until  the  yellow  crystalline  precipitate  of  oxy-di- 
mercuric  ammonium  chloride,  NH,Hg,OCl,  separates  out  The 
fiame  is  then  removed,  and  ammonia  added  to  the  solution  in 
order  to  precipitate  the  mercury  as  mercury  ammonium  chloride. 
On  evaporating  the  filtrate  impure  ammonium  fulminurate  is 
obtained,  which  can  be  purified  by  recrystallization. 

On  precipitating  with  acetate  of  lead  the  insoluble  basic 
lead  fulminurate  is  obtained,  and  this  is  then  decomposed  by 
sulphuretted  hydrogen.  Instead  of  the  lead  salt,  the  difficultly 
soluble  silver  fiilminurate  may  also  be  employed,  and  this  may 
be  obtained  from  the  potassium  salt,  whose  preparation  is 
described  below. 
'  Jour*.  Citn.  Soc.  f.  288  (18*8).  >  ^-n.  Chm.  t%«rm.  vsw.  282. 

*  Ann.  Chtm.  PAorm.  zcrii.  ES ;  cL  2tS ;  SappL  i.  101. 
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On  evaporating  the  aqueoQB  solution  of  fulminuric  acid 
MjTMpy  liquid  is  obtained,  vhich,  when  placed  in  a  warm  sit 
tion,  BoIidiBea  to  an  indistinctly  crystalline  mass,  crystalliz 
from  alcohol  in  small  colourless  prisnia.  It  has  an  acid  taste  i 
reaction,  and  decomposes  on  heating  with  slight  defli^ration. 

Potastium  Fulminurate,  C,HjKNgOy  In  order  to  prep 
this  salt  two  parts  of  mercuric  fulminate  are  gradually  adi 
to  a  saturated  solution  of  one  part  of  potassium  chloride,  t 
the  mixture  boiled  gently  until  the  whole  is  dissolved.  It 
then  Bltered  through  a  warmed  filter,  and  on  cooling  depoi 
8  curdy  precipitate  consisting  of  a  compound  of  the  potassi' 
salt  with  mercuric  oxide,  and  this  may  be  decomposed 
sulphurettol  bydrc^n.  Potassium  fulmtnuiate  crystalli 
from  solution  in  hot  water  in  colourleas,  long,  glistening,  big 
refracting  prisms,  which  decompose  with  incandescence  wl 
heated  to  225°. 

Ammonium  Fulminuraie,  CjH,(NHJN,Oy  forms  fine,  shini 
white,  highly  refracting  needles,  melting  and  blackening 
150^  and  evolving  hydrocyanic  acid,  cyanic  acid,  and  ammoi 
which  latter  partially  unite  to  form  urea. 

Ci^rammonium  F^winuraU,  C^H^CuCNH^^NjOg.  When 
ammoniacal  solution  of  copper  sulphate  is  heated  with  fulmini 
acid  to  the  boiling-point,  and  the  solution  allowed  to  cool, 
above  salt  separates  out  in  splendid,  glistening,  dark-bl 
very  characteristic  prisms.  It  is  scarcely  soluble  in  water,  i 
slightly  soluble  in  ammonia,  permanent  in  the  air,  and 
composes  at  150*  with  detonation. 

Silver  Futminuraie,  CgH^gUjOg,  separates  out  in  long,  tl 
silky  needles  when  hot  solutions  of  the  atnmoaium  salt  i 
silver  nitrate  are  mixed  and  allowed  to  cool. 

The  constitution  of  fulminuric  acid  is  not  known  with  ( 

tunty.  Fromthereactions  which  follow  it  appears  probably  tc 

CO.NH, 

C(NOJH 

CN. 

TriniiTOacetonitril,  C(NOj),CN,  is  formed  when  a  fnlminuj 
is  gradually  added  in  small  quantities  to  a  well-cooled  mixt 
of  concentrated  sulphuric  acid  and  nitric  acid  : 

cn.c;no,)H.co.kh,  +  2  no,h  -  cn,C(NOj),  -i-  co,  +  nh, + h,i 
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It  is  a  white  crystalline  substance,  closely  resembling  camphor, 
melting  at  41°'B,  and  decomposing  with  ezplosioD  when  heated 
to  220°,  bnt  ma^  be  volatilized  in  a  current  of  air  at  SO*.  It 
is  decomposed  by  water,  especially  quickly  on  wanuing,  into 
carbon  dioxide,  ammonia,  and  oitrofcHin  (see  p.  263). 

JHnitnacriotatril,  C(SO^^CS.  The  ammonium  compound 
of  this  body  is  formed  when  sulphuretted  hydrogen  is  passed 
into  an  ethereal  sdution  of  the  foregoing  compound : 

CN.C(NOJ,  +  4  H,S  =  CN.CCNO^jNH^  +  2H,0  +  2S, 

It  crystalliccs  from  water  in  colourless  glistening  needles, 
which,  when  gently  heated,  hare  a  strong  smell,  and  on  quick 
heating  decompose.  If  sulphuric  acid  be  added  to  ^he  aqueous 
solution  and  the  whole  shaken  up  with  ether,  a  syrupy  liquid 
is  left  on  evaporation,  from  which  dinitroacetonitril  separates 
out  in  transparent  tablea  This  forms  several  crystalline  salts, 
of  which  the  silver  compound,  GN.C(NOj)jAg,  is  as  explosive 
as  fulminating  ulver. 

Concentrated  sulphuric  acid  acts  upon  ammoninm  fulminurate 
violently ;  carbon  dioxide  is  evolved,  and  with  it  a  powerfully 
smelling  body  which  attacks  the  eyes  and  mncous  membrajie, 
and  may  be  condensed  to  an  oily  liquid  and  solidified  to  crystals. 
This  compound  is  easily  inflammable,  and  bums  with  a  light 
almost  equal  to  that  of  magnesium  wire.  Steiner  ^  considers 
that  this  is  nitro-acetonitril,  but  he  could  not  fix  its  compo- 
sition in  consequence  of  not  obtaining  a  sufficient  amount  of 
substance. 

If  the  action  of  aulphuric  acid  be  moderated  by  cooling 
and  mixing,  a  compound  isomeric  or  polymeric  with  fulminic 
acid  is  obtained  according  to  the  equation : 

CjHjNjO,  +  H,0  =  CsH,N,Oj  +  N^  +  COj. 

This  is  insoluble  in  cold  water,  and  separates  out  from  boiling 
water  in  crystals.  It  has  an  acid  reaction,  deflagrates  on  heat- 
ing, and  is  not  altered  even  by  concentrated  nitric  acid.  From 
its  aqueous  solntion,  mercuric  nitrate  throws  down  a  white 
amorphous  precipitate  of  (CjUNjOj)jHg,  which  also  decomposes 
with  deflagration  when  heated. 

I  Ser.  DeuiiA.  CVm.  OtM.  ix.  7SS. 
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whilst  thfl  vapours  condense  and  flow  back  through  the  long 
neck  of  the  retort  A.  violent  reaction  begins  as  soon  as  iodine 
trichloride  is  formed.  The  mixture  is  well  heated  for  sometime 
to  the  boiling-point,  even  aiter  the  chlorine  haa  been  passed 
in  for  some  days,  until  vapours  of  free  iodine  make  their  appear- 
ance, due  to  the  decomposition  of  some  iodacetic  acid  which  is 
formed.  Then  the  product  is  submitted  to  fractional  distillation, 
and  the  portion  which  passes  over  below  180°  is  agaia  treated 
with  chlorine,  whilst  the  portion  between  180°  and  188°  solidifies 
on  cooling,  and  can  be  purified  by  rectystallization  and 
rectification. 

Pure  moDOchloracetic  acid  ia  also  easily  obtained  by  acting 
upou  acetic  anhydride,  placed  in  a  water-bath,  with  chlorine : 

c!§o  }  o  +  CI,  =  C,H,C10,  +  C^CIO. 

Acetyl  chloride  then  distils  off,  and  the  residue  consisU  of 
chloracetic  acid,  which  may  be  purified  in  the  way  already 
described.^ 

Honochloracetic  acid  solidifies,  on  slow  cooling,  in  long  needles, 
and  ct^stallizes  from  glacial  acetic  acid  in  large  transparent 
rhombic  tables.  When  carefully  heated  it  sublimes  in  pointed 
needles,  which  melt  at  62°,  and  boil  between  185°  and  187*, 
yielding  a  vapour  which  at  203°  has  a  speci&c  gravity  of  3'81,  utd 
this  density  diminishes  aa  the  temperature  rises;  at  270°  it  ia 
3*283,  whilst  according  to  theory  the  number  is  3263  (Cahours). 
The  specific  gravity  of  the  fused  acid  is  13947  at  73°  compared 
with  water  at  the  same  temperature.  It  deliquesces  in  the  air, 
has  a  dight  smell  when  cold,  which  on  heating  becomes  stronger 
and  more  pungent.  When  brought  on  to  the  skin  it  jnoduces 
blisters  and  destroys  the  epidermis.  Hence  it  is  frequently  used 
for  the  cure  of  warts  and  coma.  When  a  tolerably  concentrated 
aqueous  solution  is  boiled,  hydrochloric  acid  and  osyacetic  acid 
or  glycollic  acid,  CjH,(OH)Oj,  are  formed.  Its  salts  decompose 
in  a  similar  way  on  heating  with  water.  Most  of  them  are 
easily  soluble  and  crystallizable. 

Potassium  MonochioracUaU,  2CjH,C10,K  +  3H,0,  crystallizes 
on  evaporation  in  a  vacuum  over  sulphuric  acid  in  non-deli- 
quescent tablets,  which  decompose  easily  on  heating.  It  combines 
with  chloracetic  acid  to  form  a  diflScultly  soluble  salt,  having 

1  CM,  Ann.  Chin.  Phyi.  [8],  Ixri.  187. 
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the  composition  C,H,C10,K  -i-  CiH^CIO,,  whicli  crystallizOB  in 
pearly  scalea. 

Barium  MbnocAloracetaU,  (C,H,C!Oj)jBa  +  2H,0,  cryatallizea 
from  hot  satur&ted  aolution  in  small  rhombic  prisms. 

SUver  Monoehloracetaie,  CgHfClO^Ag,  is  difficultly  soluble  in 
cold  water,  and  forms  pearly  gliatening  scales  which  easily 
bkclten  on  exposure  to  light,  and  deflagrate  when  heated  &om 
110°  to  120.' 

Htkyl  J^onochloracetate,  C,HjC10jCjHj,  was  first  prepared  by 
Willm^  by  the  action  of  chloracetyl  chloride  on  alcohol  It  is 
also  formed  by  passing  hydrochloric  acid  into  a  mixture  of  chlor- 
acetic  acid  and  alcohol.'  In  order  to  prepare  this  ether,  the 
solution  thus  saturated  is  distilled  until  the  residue  divides 
into  two  layers.  The  upper  one  is  poured  off,  washed  with 
water,  and  then  dried  over  calcium  chloride,  and  the  pure  ether 
is  separated  by  fractional  distillation.*  It  is  also  obtained  easily 
by  distilUng  a  mixture  of  sulphuric  acid,  chloracetic  acid,  and 
alcohol. 

Ethyl  monochloracetate  is  a  colourless  liquid,  heavier  thaii 
water,  possessing  a  burning  taste  and  an  ethereal  smelL  It 
boils  at  143°'5,  and  its  vapour,  which  has  a  density  of  4'46 
(Willm),  attacks  the  eyes. 

Monochloracetyl  Chloride,     *^*    „.  I,  was  first   prepared  by 

Wurtz  *  by  the  action  of  chlorine  on  acetyl  chloride.  It  is  easily 
formed  when  iodine  is  also  added,*  and  is  likewise  produced  by 
the  action  of  phosphorus  trichloride  on  ammoniacal  acetic  acid." 
It  is  a  liquid  which  boils  at  11 0°,  possesses  a  strong  smell,  fames 
in  the  air,  and  acts  in  a  similar  way  upon  water  and  alcohol 
as  acetyl  chloride  does. 

Mortoehlorautyl  Bromide,  ^  Br  f  '  "^  formed  by  the  action 
of  bromine  on  a  mixture  of  chloracetic  acid  and  amorphous 
phosphorus.  It  is  a  liquid  boiling  at  127°,  the  vapour  of 
which  acts  powerfully  upon  the  eyes  (Qal,  De  Wilde). 

MonocAloracetamide,  CjHjClONH^  is  obtained  by  the  action 
of  ammonia  on  the  corresponding  chloride   or  cm  the  ethyl 

I  Jml  CMm.  PKyi.  [S],  xlii.  S7.  ■  Hdntz,  Fogg.  Aw.  oziv.  UO. 

*  Heuchntkin  and  Jramok^ew,  ZeiUeh.  Chtm,  1871,  G. 

*  Ant.  Chim.  Fhyi.  [8],  ili*.  58. 

■  JnzokovitKh,  ZtU*A.  Chen.  183S,  231. 

*  De  Wilde,  Ann.  Chem.  Pharm.  ora.  372;  Qd,  *S.  cxxxtt.  177;  BvU.  Ste. 
Chm.  [2l  i.  128. 
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compoaud  ether  (Willm).  It  cfyBtallizefl  from  aqueous  Bt^tion 
in  prisms,  and  from  alcohol  in  glbteoing  tablets.  It  melts  at 
119°'5,aiid  sublimes  at  a  higher  temperature.  When  dietiUed 
vidi  phoaphorus  pentozide,  ehloraeetaailril,  CjHjCUi,  is  formed, 
a  liquid  which  boils  at  116°— 120°.' 

Monoehloracetyl  Pfuaphamide,  CjHjClOPHj,  is  formed  by  the 
action  of  phosphuretted  hydrogen  on  the  chloride  m  a  yeUowiah 
powder,  which  on  exposure  to  mobt  uir  decomposes  into 
chloracetic  acid  and  phosphuretted  hydrogen' 

DlCHLORACEnO  AciD,  CjH,CIjOt, 

345  Was  obtained  by  HUller  tm  a  l^^product  in  the  preparsr 
tioQ  of  monochloracetic  acid,  and  by  Maumen^*-by  ezposinf^the 
latter  substance  in  a  large  balloon  to  the  action  of  dry  chlorine 
in  the  light.  The  formation  of  this  compound  from  chloral 
or  trichloracetic  acid,  first  obeeived  by  Maumen^,  is  of  mnch 
interest.  He  obtained  it  from  this  body  by  the  action  of 
silver  oxide.*  Wallach'  then  showed  that  tho  compoand 
ethyl-ether  is  obtained  by  the  action  of  chloral  upon  an 
alcoholic  solution  of  potassium  cyanide  vhilst  the  aqueous 
solution  of  the  latter  salt,  as  also  of  potassium  ferrocyanide, 
gives  rise  to  the  fr«e  acid  or  to  potassium  dichloracetate.' 
This  peculiar  reaction  ia  represented  by  the  following  equation : 

CCVCOH  +  KCN  +  HjO  =  CHCVCO.OH  +  HON  +  Ka 
It  is  thus  seen  that  an  atom  of  chlorine  is  removed  by  the 
potassium,  the  cyanogen  combining  with  one  atom  of  the 
hydrogen  of  the  water,  whilst  the  second  replaces  the  atom  of 
chlorine,  and  the  oxygen  converts  the  aldehyde  into  the  acid. 

In  order  to  prepare  dichloracetic  acid  it  is  best  to  stut  from 
dichloracetic  ether,^  for  the  preparation  of  which  pure 
potassium  cyanide  must  be  employed  if  a  good  yield  be  desired,' 
and  care  must  be  token  to  work  in  a  good  draught  owing  to  the  i 
ra{Hd  evolution  of  torrents  of  hydrocyanic  acid.  The  ether  is  ' 
diluted  with  its  equal  volume  of  alcohol,  and  to  this  the 
calculated  quantity   of   alcoholic  potash  is  added,  when  the 

*  EaKler,  Aim.  Chem.  Piomt.  exliz.  S97. 

*  Stainer,  Bar  DaMch.  Chan.  Oa.  viiL  117S. 
■  Cimtpt  Stnd.  Itx.  81. 

*  Btr.  Datltch.  Chen.  Oa.  T 

*  Ber.  JhiOKh.  Chtm.  Oa.  z 
r  Btr.  DeutttK  Chtm.  Ot*.  it.  1213. 
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liquid  is  converted,  with  eT<Jation  of  beat,  into  «  thick  pasty 
masa,  consisting  of  giieteaing  scales  of  potaariam-  dichloracetatfl. 
These  ore  then  washed  with  alcohol  and  dried.  The  salt  is 
next  brought  into  a  tube  lying  in  a  slanting  position  ia  a  com- 
bustion furnace,  and  dry  hydrochloric  acid  led  oTer  it  until  the 
gas  escapes  at  the  other  end,  when  the  dichlcnacetic  acid  is 
distilled  off  in  s  current  of  hydrochloric  acid.  It  ia  a  liquid 
which  boils  at  189° — 191°,  crystallizes  at  0°,  and  at  15*  has 
a  specific  gravity  of  1'5216.  It  is  very  caustic,  and  on  hestmg 
erolves  suffocating  vf^tonrs.  The  salts  are  chiefly  easily 
soluble. 

£thyl  Dichloraeetaie,  C^Clfififi^  is  a  liquid  boiling  at 
156°— 157°,  and  having  a  specific  gravity  at  22°  of  1-29.  By 
the  action  of  ammonia  it  yields  diddortteetamide,  C^CljOjNH, 
crystallizing  in  large  rhombic  prisms  melting  at  94°'5,  and 
beginning  to  sublime  at  100°,  and  being  volatile  in  a  current  of 
steam. 

Tbichlokacktaldkbtde,  OB  CaLORiL,  C,HC9,0, 

346  Was  discovered  in  1832  by  laelng,  who  obtained  it  hj 
the  action  of  chlorine  upon  alcohol,^  its  true  composition  being 
first  recognized  by  Dumas  in  1834.*  It  is  formed  when  nascent 
chlorine  ia  brought  in  contact  with  sugar  or  starch.*  Although 
it  is  a  trichlorinated  aldehyde,  it  is  not  formed  when  chlorine  is 
passed  into  aldehyde,  as  candMisatioii^)rodactB  are  then  formed, 
aa,  for  instance,  trichlorbutyl  aldehyde.  I^  however;  water  and 
calcium  carbonate  be  added,  the  hydrochloric  acid  is  neutralised, 
and  the  trichloriikated  product  is  then  formed.^  The  view  enter- 
tained by  Liebig  and  by  B^;nault,*  that  aldehyde  is  first  farmed 
by  the  action  of  chlorine  upon  alcohol,  and  this  afterwards 
converted  into  chloral  by  substitution,  would  thus  appear  to  be 
untenable,  and  a  more  satis&etory  explanation  of  its  fimnatJon 
had  to  be  found.    This  was  at  last  given  by  Lieben,*  as  follows ; 

Aldehyde  is  first  formed :  ■ 

CHb-CHjOH  +  Clj  -  CHyCOH  +  2  HCl. 
The  nascent  aldehyde  acts  upon  the  alcohol  with  formation  of 
ethidene  diethyl  ether  or  acetal : 

CH,OOH  +  2  H0.C^5  «  CH,CH(OC^^  +  H,0. 

1  Ann.  PkariA.  L  189.  ■  Aim.  Ckht.  n^  ItL  131. 

*  StJkUer,  A.**,  nxant.  Izi.  101.        *  VSaam.Ber.  DwikK.  Chan.  On.  It.  9S«, 

■  ^tM.  CAtin.  Phy$.  [2L  IzzL  420.     *  Btr.  DaiUA.  Ch«M.  Ot».  iii.  70,  SM. 
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The  aoetal  is  coDverted  into  trichlonuietal,  and  this  is  con- 
verted by  tlie  hydrochloric  und  into  ethyl  chloride  and  the  so- 
called  cUoral  alcoholate : 

CCU-CH  j  3^  +  HCl  =  CCU-CH  j  g^g^  ■+■  CHaCL 

From  the  solid  inaaB  thus  obtained  the  chloral  is  liberated  by 
the  action  of  sulphuric  acid  : 

CClg-CH  j  2^2^  -I-  H,S04  =  ecu  CHO  +  CH^HSO*  +  H,0. 

The  chloral  is  then  purified  by  distillation  over  quicklime.  It 
is  a  colourless  mobile  liquid,  which  boils  at  99'''6,  and  has,  at 
0°,  a  specific  gravity  of  1'6183  (Kopp),  and  a  vapour  density 
of  5*13  (Dumas).  When  cooled  in  a  mixture  of  sohd  carbonic 
acid  and  edier,  it  solidifies  to  a  mass  which  melts  at  — 75**.'  It 
has  a  peculiar  sweet  and  pungent  smell,  and  a  bitter,  biting 
taste,  and  acts,  especially  in  the  form  of  vapour,  deetmctirely 
on  the  skin.  Nascent  hydrogen  reduces  it  to  aldehyde.  Like 
this  latter  compound,  it  combines  with  the  acid  sulphites  of 
the  alkali-metals  to  form  ciystalline  compounds,  and  it  also 
unites  with  ammonia  to  form  a  body  which  reduces  silver  from 
its  solution  in  the  form  of  a  mirror.  When  heated  with  alkalis 
it  decompoeea  into  chloroform  and  formic  acid  : 

CC1»CH0  +  HsO  =  CCUH  +  CH,0^ 
Chemically  pure  chloral  may  be  kept  for  any  length  of  time 
without  undergoing  change ;  but  if  it  contains  impurities,  it 
undergoes  polymerization,  and  this  takes  place  especially  quick- 
ly in  presence  of  solphmio  acid.  It  is  thus  converted  into 
m^aoMoral  or  imoltAls  iMond,  a  white  amor[^oo8  body,  in- 
soluble in  water,  alcohol,  or  ether.  If  heated  to  180° — 350°, 
or  with  sulphuric  add,  tJtis  yields  ordinary  chloral.  Small 
quantities  of  anhydrous  trimethylamine  convert  chloral  vio- 
lently into  a  perfectly  white  mass,  from  which,  however,  the 
base  can  again  be  driven  off  in  a  current  of  air.  This  body 
appears  to  be  a  mixture  partly  of  soluble  and  partly  of  insolu- 
ble polychlorals.  If  treated  with  alooholio  ether,  chloral  alco- 
holate  is  obtained.*  Concentrated  sulphuric  acid  converts  chlo- 
ral into  eMoraldid,  GsHCleOa,  a  subatance  which  will  be  here> 
after  described  (see  Trichlorlactie  Acid). 
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Chloral  Hydrate,  CgCIjHO+HOj  or  CCi,.CH(OH), 

347  ThU  is  the  most  important  compound  of  the  gronp.  It  is 
formed  hythe  direct  uoioD  of  water  with  chloral,  and  is  pre- 
pared on  the  Urge  scale  as  it  is  a  most  valuable  medicine.  For 
this  purpose  25  kg.  of  absolute  alcohol  are  placed  iu  each  of 
several  large  glass  balloons,  and  treated  with  chlorine  couti- 
Duously  for  six  to  eight  weeks.  The  vessels  are  surrounded  by 
cold  water,  and  this  is  gently  heated  with  steam,  so  soon  as 
the  chlorine  ceases  to  be  absorbed,  and  then  the  temperature 
gradually  allowed  to  rise  to  60°.  When  the  action  is  complete 
the  alcoholate  is  allowed  to  remain  in  contact  with  sulphuric 
acid  for  several  hours,  at  a  temperature  of  60°,  and  the  chloral 
which  separates  out  is  rectified  over  calcium  carbonate.  It  is 
then  brought  in  contact  with  the  requisite  quantity  of  water, 
and  the  product  purified  by  recrystaUizatiou.  As  a  solvent, 
either  chloroform  or  a  mixture  of  ethylene  chloride  and  ethidene 
chloride,  obtained  as  a  product  in  the  manu&cture  of  the 
chloral,  is  made  use  of.* 

Chloral  hydrate  crystallizes  in  monoclinic  prisms,  which 
easily  dissolve  in  water,  alcohol,  carbon  disulphide,  and  liquid 
hydrocarbons,  &c.  It  has  a  peculiar  and,  on  warming,  a 
somewhat  pungent  smell,  a  sharp  taste,  and  a  specific  gravity 
of  1-8.  It  melts  at  50°— 51",  and  boils  at  97°5.  The  specific 
gravity  of  its  vapour  is  283  (Naumann),  from  which  it  appears 
to  be  a  mixture  of  the  vapours  of  water  and  chloral,  and  these, 
on  cooling,  agfun  unite  together.  This  is  also  proved  by  the 
fact  that  it  is  possible,  by  help  of  a  fractionating  apparatus, 
partially  to  separate  these  constituents.*  Concentrated  sulphuric 
acid  decomposes  it  into  chloral  and  water,  and  the  alkalis  act 
upon  it  as  upon  chloral. 

In  the  year  1869  Liebreich*  discovered  that,  when  taken 
internally,  chloral  hydrate  produces  sleep,  and  acts  as  an 
anffisthetic  agent ;  and  he  introduced  it  with  great  success  into 
medicine,  so  much  so,  that  one  manu&ctory  in  Berlin,  which  ' 
io  1869  prepared  about  150  kg.,  in  1873  manufactured 
13,000  kg.,  and  a  like  increase  is  noticed  in  several  other 
manufactories.     The   sleep   produced  by  chloral   is  quiet,  and 

*  Aht.  SandiBtrUrb.  ii  Stl. 
'  Nftninaiui,  Ber.  Dadtcli.  Chem.  Qa.  lii.  7SS. 

■  JA  iL  269 ;  Au  Chloral  Hydratt,  tin  ntof  Hypnotieam  vnd  Aitadhaieim, 
Berlin,  1871.    . 
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is  without  any  unpleasant  symptoms.  Liebreicli  was  led 
from  his  experiments  to  conclude,  from  the  ready  conveiuon  of 
chloral  into  chloroform  by  alkalis,  that  its  physiological  action 
depended  on  the  formation  of  chloroform  produced  by  the  weak 
alkaline  reaction  of  the  blood.  Other  physiologists  are  of 
oiHoion  that,  in  the  passage  of  chloral  hydtate  through  the 
body,  chloroform  is  not  produced,  and  that  its  action  is  to  be 
ascribed  to  it«  own  specific  properties.  The  doses  prescribed 
for  sleeplessneas  amount  to  from  15  to  50  grams. 

According  to  Liebreich,  chloral  hydrate  is  an  antidote  for 
strychnine,  whilst  the  latter  subatance  serves  as  an  antidote  for 
the  former.^ 

Chloral  hydrate,  which  is  to  be  used  in  medicine,  should 
^ve  a  clear  solution  in  water,  and,  on  addition  of  sulphuric 
acid,  the  chloral  should  separate  without  any  brown  colour. 
The  aqueous  solution  should  have  a  neutral  reaction,  and,  on 
the  addition  of  nitric  acid  and  nitrate  of  silver,  no  opalescence 
should  occur.  For  the  purpose  of  determining  the  quantity 
present  Id  the  commercial  product,  according  to  the  method 
of  v.  Meyer  and  Haffter,*  a  weighed  quantity  is  brought  into 
contact  with  an  excess  of  a  normal  soda-solution,  and  the 
amount  of  formic  acid  produced  is  determioed  by  titration 
with  normal  acid.  If,'  to  begin  with,  the  chloral  hydrate  had 
an  acid  reaction,  the  aqneous  solution  must  be  shaken  up  wiUi 
CE^cium  carbonate  before  addition  of  standard  soda. 

Chloral  not  only  combines  with  water,  but  also  with 
sulphuretted  hydrogen,  alcohols,  and  various  other  bodies. 
The  compounds  thus  formed  must  be  regarded  as  containing 
the  dyad  radical  tricblorethidene,  and  a  description  of  these 
will  be  given  hereafter. 

Tbichlokacbtic  Aero,  CHC],Oj, 

348  Was  discovered  by  Dumas  in  1838,  who  obtained  it  by 
the  action  of  chlorine  on  acetic  acid,  in  presence  of  sunlight.' 
Malagati  then  found  that  the  substance  believed  by  him 
to  be  chloraldehyde,  CjCI^O,  when  decomposed  by  wat^ 
yields  this  same  acid,  from  which  reaction  it  is  seen  that 
the  BubataAce  supposed  to   be  the  aldehyde   is  indeed  the 
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chloride  ot  this  acid.'  CloSz'  obtained  it  by  the  action  of 
watra  upon  perchlorformic  ethyl  ether : 

ClCO.O.CCl^CCl,  +  2H,0  =  HO.CO.CCI,  +  3BCI  +C0, 

Tt  has  alieady  been  stated  that  Kolbe  obtained  it  by  'ayntheais. 
He  also  fiaund  that  it  might  be  obtained  by  treating  solid  chloral 
with  nitric  acid  or  other  oxidizing  agents.*  Judaon*  ibowed 
that  it  may  also  be  obtained  from  liquid  chloral ;  but  as  chloral 
hydrate  is  a  commercial  article  it  is  now  always  prepared 
from  this  substance,  and  many  oxidizing  agents  are  used  for 
this  purpoee.'  The  simplest  plan  of  preparation  is  to  treat 
chloral  hydrate  with  three  times  its  volume  of  fuming  nitric 
add,  and  to  place  the  whole  mixture  in  the  sunlight  until 
the  red  fames  have  disappeared ;  the  liquid  is  distilled  until 
the  temperature  reaches  ISO*,  utd  the  residue  is  then  heated  for 
some  time  to  the  boiling  point. 

If  cbliffal  be  saturated  with  nitrogen  triozide  and  heated  in 
a  closed  tnbe  in  the  water-bath,  trichloracetic  acid  is  also  formed, 
and  is  obtained  in  the  pure  state  on  opening  the  tube  and 
allowing  the  gases  whioh  are  formed  to  escape." 

TricUoracetic  acid  crystallizes  in  rhombohedral  scales  or 
needles,  melts  at  52'-3  (Clermont),  boils  at  195°  (Judson, 
Clermont),  and  its  vapour  has  a  specific  gravity  of  53  (Dumas). 
It  deliquesces  in  moist  air,  and  on  heating  has  a  very  pungent 
and  suffocating  odour.  It  destroys  the  epidermis,  and  produces 
blisters  on  the  skin.  It  is  not  attacked  by  concentrated 
sulphuric  acid  even  when  warmed,  but  alkalis  decompose  it  eamly 
wilb  foiToation  of  chloroform : 

CCVCO.OK  +  HOK  +  CCI,H  4-  CO  1 2| 

An  alcoholic  solution  of  sodium  alcoholate,  containing  caustic 
soda,  decomposes  it  as  follows  : ' 

CCI^CO.ONa+5HONa=3NaCI+CO(ONa)H+CO(ONa),+2H,0 

It  is  a  very  strong  acid,  forming  a  series  of  salts  which  are 
veiy  umilar  to  the  acetates,  and  have  been  especially  examined 
by  Clermont. 

»  Ann.  Chim.  fhyi.  JS],  iri.  4 ;  ixx.  •  lb.  irii.  297. 

■  An»,  ahem.  Pharm.  Ut.  1S3.  *  Chem.  Soe.  Joufrt,  zxiT.  3S3, 

*  darmont,  CMapC.  lUnA  liziiL  112 ;  Izxtr.  1IS2;  Izxri  7T4. 

•  WalWh,  Btr.  SetitKk.  Chtn.  Ot*.  v.  866. 
'  Eliea,  /oAreift.  1ST6,  B31. 
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Ammonium  Triehloraeetaie,  C,CljOs(NHJ,  is  depomted  in 
fine  prisms  on  the  spontaneous  evaporation  of  its  neutial 
solution.  These  melt  at  80°,  aod  begin  to  give  off  ammonia 
and  chloroform  at  110° — 150°,  until  at  160°  the  liquid 
solidifies  to  tkacreoua  scales  conusting  of  the  anhydrous  salt. 
At  a  higher  temperature  it  decomposes  into  ammonium  chloride, 
carbon  monoxide,  and  carbonyl  chloride  (Malaguti).  When  dis- 
tilled  with  phosphorus  pentoxide  it  yields  trichloracetooitnl, 
C,C1,N,  a  liquid  boiling  at  81*.  The  normal  salt  combines 
with  one  molecule  of  trichloracetic  acid  to  form  the  so-called 
acid  salt,  which  crystalUzes  in  octohedrons  unalterable  in 
the  air, 

Potaanum  Triehloraeetaie,  CjCl,0,K,  is  obtained  by  the 
action  of  potassium  permanganate  on  cblomi  hydrate.  It 
forms  thin  silky  needles  which  deliquesce  in  moist  air,  and 
it  also  unites  with  one  molecule  of  the  acid  to  form  an  add 
salt,  which  is  likewise  formed  by  the  action  of  the  permanganate 
on  an  eicess  of  chloral  hydrate.  It  crystallizes  in  transpai^kt 
octohedrons  which  are  not  altered  on  exposure. 

Ethyl  Triehloraeetaie,  CiCl,0,(CjHj),  is  obtained  by  distilling 
the  acid  with  alcohol  and  sulphuric  acid,  as  well  as  by  the 
action  of  trichloracetyl  chloride  on  alcohol  Percblorfonnic  etha 
and  perchloraoetic  ether  and  similar  perchlorinated  compounds 
react  in  an  analogous  way.  Ethyl  trichloracetate  is  an  oil; 
liquid,  possessing  a  peppennint-like  smell  and  a  specific  gravity 
of  1*367.  It  boils  at  164°,  yielding  a  vapour  whose  density  is 
6'64  (Leblanc). 

TridUoracetic  Anhydride,  (CjCI,0),0,  is  obtained  by  the  acU<m 
of  an  excess  of  phosphorus  trichloride  on  tiicbloracetic  add.  It 
is  a  liquid  pcwsessing  a  faint  not  unpleasant  smell,  boiling  at 
222°— 224°,  and  rapidly  absorbing  moisture  from  the  air  and  thus 
passing  into  trichloracetic  acid.* 

Triehloracetyl  Chloride,  C,CI,0C1,  was  prepared  by  Malaguti 
in  1844  by  heating  perchlorethyl  ether : 

It  also  occurs  in  the  preparation  of  the  perchlorinated  ethers, 
and,  as  has  been  stated,  was  first  termed  chloraldehyde.  It  is 
evident  that  this  compound  may  also  be  obtained  by  the  action 
of  phosphorus  trichloride  on  trichloracetic  acid.  It  is  a  caustic, 
'  Buoknej  uid  Thomsen,  Btr.  Dmtek.  CKan,  Oa.  z.  098, 
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Btrongly  Bmelling  liquid, 'which  fumes  in  the  air,  has  a  specific 
gravity  at  18°  of  1*608,  boils  at  118°,  and  has  a  vapour  density 
of  6-82. 

TjidUorawtamide,  CCl^CO.NH^  was  first  prepared  by  CIo&s 
in  1845  by  the  action  of  ammonia  on  perchlorethjl  formate.  It 
is  formed  in  a  similar  way  from  the  other  perchlorinated  ethers. 
It  forms  white  scales,  and  crystallizes  fix>m  ether  in  flat  prisms 
or  Bix-sided  prisms.  It  possesses  a  sweetisii  taste  and  aromatic 
smell,  melts  at  138°,  and  boils  at  238^—240°.  When  heated  with 
phosphorus  pentozide,  trichloracetooitril  is  formed. 

TridUffracetophoaphamide,  CjCl,0.  FH,,  is  obtained  by  acting  on 
phosphuretted  hydrogen  with  the  chloride,  and  fonns  colourless 
scales  which  have  a  slight  garlic-like  smell  and  a  bitter  taste. 
It  is  insoluble  in  water.* 


Bromine  SuBSTirnnoN  Phoducts. 

349  Monobromaedia  Acid,  CjHjBrOj,  was  first  prepared  by 
Duppaand  Perkin  *  by  heating  acetic  acid  with  bromine  to  120' 
' — 125°,  and  is  also  formed,  together  with  acetyl  bromide,  when 
acetyl  oxide  is  treated  with  bromine.*  In  order  to  prepare  it, 
three  parts  of  acetic  acid  are  heated  with  four  parts  of  bromine  in 
a  sealed  tube  for  several  hours  to  120°,  and  at  last  from  150°  to 
160',  this  being  done  to  avoid  a  rapid  evolution  of  hydrobromic 
acid,  which  would  burst  the  tube.  Air  is  then  led  through  the 
tube  in  order  to  remove  the  greater  quantity  of  the  hydrobromic 
acid,  and  the  residue  is  slowly  distilled.  The  portion  passing 
over  between  200°  and  210°  is  almdst  pure  bromacetic  acid, 
which  can  then  be  purified  by  rectification  and  crystal lizatiotL 
It  forms  glistening  tablets  which  melt  at  100°.  Tbe  liquid 
boils  at  208°  with  slight  evolution  of  bromine  vapour,  and  the 
crystals  deliquesce  rapidly  in  the  air.  When  brought  upon  the 
skin  it  produces  deep  wounds,  and  on  heating  with  water  it 
decomposes  like  trichloracetic  acid.  The  salts  are  usually 
crystalline,  and  mostly  deliquescent. 

£thyl  ifonobromacetate,  C,HjBrO,j(CjHj),  is  obtained  by  dis- 
tillation of  equal  parts  of  acid,  alcohol,  and  sulphuric  acid.  It 
is  a  liquid  which  possesses  a  powerful  smell,  and  boils  at  159°. 
Ammonia  decomposes  it  easily,  with  formatloD  of  ammonium 

'  Cloez,  Jim.  Chita,  fhyl  [31  zvii,  809, 
»  Ckem.  Soe.  Jounh  ji,  22  ;  xii.  1. 
*  Oil,  Aim.  CKim,  nyi.  [Sl  ]xiL  187. 


;abyG00<^lc 


M  .    THB  ETHYL  OfiOUF. 

bromide ;  but  at  0'  it  fonna  moQolNKntucetainide,  which  may  be 
purified  by  reoryBtallizatioa  from  aloobol.    It  melts  at  165°.  ^ 

Monobromacetyl  Chloride,  CH^Br.COCl,  is  a  colourless, 
slightly  fumiDg,  strongly  flmelling  liquid,  boiliog  at  127°,  or  at 
the  same  temperature  as  ita  isomeride  chlaracetylbromide. 

Monolnvmaeetyl  Bromide,  CHjBr.COBr,  is  obtained  by  die 
action  of  bromine  on  acetyl  bromide.  It  is  a  very  stzoogly 
smelling  liquid,  boiling  at  150°, 

Dibromaceiyl  Aldehyde,  C^HjBrjO,  is  produced  by  the  regulated 
action  of  bromine  upon  aldehyde.  It  is  an  oily  liquid,  pos- 
sessing  a  penetrating  smell,  boiling  at  I40°— 142°,  and  farming 
with  water  the  hydrate,  CfH^r,0+H,0,  ciystalliziog  in  long 
needles.* 

DibrOTaacetic  Acid,  CjH,BrjOj,  was  prepared  by  Duppa  and 
Ferkin  at  the  same  timd  as  bromacetic  acid.  According  to 
Carius,*  it  is  best  obtained  by  heating  acetic  ether  with  bromine 
to  120°— 130°: 

C,H,0,(C^+  2  Br.  -  C,H,Br,0,  +  C^^Br  +  HBr. 

It  is  a  white  crystalliae  mass,  malting  at  45°,  and  boiling  with 
slight  decomposition  at  232° — 234*. 

£ihyl  Dibromautate,  C.HBr,02(C^,  is  formed  by  the  actitn 
of  sulphuric  acid  on  a  mixture  of  alcohol  and  dibromacetic  acid, 
as  well  as  by  boiling  an  alcoholic  solution  of  trihromaoetalde- 
hyde  with  potassium  cyanide.*  It  is  an  oily  hquid,  smelling 
like  peppermint,  wbich  boils  at  102*,  and  is  converted  by  am* 
monia  into  dibromacetamide,  C,HBr,O.NHj,  which  crystallizes 
in  long  needles,  melting  at  156°. 

JXlnvmacetyl  Bromide,  OHBr^COBr,  is  formed  by  heating 
acetyl  bromide  with  the  requisite  quantity  of  bromine  to  150°. 
It  is  a  oolourless  liquid,  fuming  in  the  air,  and  boihng  at  194°. 

Tribromaostaid^yde,  or  Bromai,  CBr^COH,  waa  discovered 
in  1832  by  Lowig,'  and  is  contained  amongst  other  products  of 
the  action  of  bromine  upcm  alcohol  and  ether.  In  order  to 
prepare  it,  it  is  best,  according  to  Schaffer,'  to  past  bromine 
vapours  slowly  into  alcohol,  and  to  subject  the  product  to  di»- 
tillation.  The  product  passii^  over  between  165*  and  180°  is 
treated  with  water,  when  bromai  hydrate  is  formed ;  and  this 

■  Kernel,  Btr.  DeuUeh,  Chem.  Oa.  xL  311E, 

■  PiDneT,  Ber.  Deuttck.  Cliem.  Oa.  ni.  1(9B.  *  ii.  iiL  SSt, 

*  Eemi,  Ber.  DetUtcK.  Chtm.  Of,  riii.  WB. 

•  ^mi.  Pham.  lii.  28S.  *  Btr.  DnOick.  Clitm.  Ou.  ir.  3«. 
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can  be  puiifidd  by  re-otystsUization,  and  hromal  obtained  from 
this  by  iha  action  of  sulphuric  add.  It  is  an  oily  liquid, 
poBBessing  a  peculiar  pungent  siaell  and  a  sharp  burning  taste. 
It  boila  at  172° — 173°,  and  hae  a  specific  gravity  of  3-34 
It  decomposes  in  contact  with  acids  into  formic  acid  and 
bromoform. 

Bromal  Borate,  OiBr,HO+2H,0,  or  CjBrjH(OH),+H;0, 
crystalliaes,  according  to  Lbwig,  in  laige  trans^mrent  prisms 
having  the  form  of  sulphate  of  copper. 

Tribromacetic  Acid,  C(HBr,Og,  iras  prepared  by  Gal^  by 
decompooing  its  bromide  with  water.  It  is  also  easily  fotmed 
by  exposing  bromal  *  or  bromal  hydrate  *  to  the  action  of  fuming 
nitric  acid.  It  cryat^izes  in  transparent,  glistening,  permanent, 
monoclinic  prisms,  melting  at  135",  and  boiling  with  partial 
decomposition  at  250°. 

Its  salts,  which  have  been  investigated  by  Schsffer,  are,  with 
the  exception  of  the  mercurous  and  silver  salts,  easily  soluble 
in  water,  and,  on  warming  the  solution,  are  easily  converted 
into  bromoform  and  a  carbonate. 

Elh^l  Tribromacetaie,  C(Br,Oj(CjH^,  is  produced  by  the  action 
of  the  bromide  upon  alcohol,  and  is  an  oUy,  pleasanUy  smelling 
hquid,  boiling  at  226*. 

TrSmtmacetyl  Bromide,  CBr^COBr,  is  formed  by  heating  the 
dibrom-compound  with  an  excess  of  bromine  to  200°.  It  is  a 
fuming  liquid,  boiling  at  220°— 225°,  and  being  slowly  decom- 
posed by  water. 

TribromaMtamide,  CBrg.CO.KHp  has  as  yet  only  been  ol> 
tained  by  the  action  of  bromine  ojt  aspart^no  *  and  by  that  of 
ammonia  on  hexbromacetone  : " 

CBr,.GO.CBr,  +  NH,  =  CBr^CCNH,  +  CBr,H. 
It  is  slightly  soluble  in  cold,  and  rather  more  so  in  hot  water; 
but  may  be  readily  crystallized  from  benzene  in  large  prisms, 
melting  at  11!)° — 121°,  and  possessing  a  sweet  and  burning 
taste.  Sulphuric  acid  converts  it  iuto  ammonia  and  tribromacetic 
acid. 

BromcMoracttie  Acid,  C^H^BrClOy  is  formed  by  heating  equal 
molecules  of  chloracetic  acid  and  bromine  to  ICO'.  It  is  a 
caustic,  strongly  smelling  liquid,  boiling  at  201°.     It  forms  an 

■  Compl.  Send.  ItL  1S57.  *  Schaffei,  2oa.  ait, 

■  Gal,  Compt,  Bead.  Ixivii.  786. 

*  QoueKki,  Ber.  Dmlxh.  Cken.  Ott.  ix.  I4SS. 

■  Weidel  uid  Gmber,  ti.  x.  1148. 
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ether  boiling  at  160° — 163°,  smelling  like  pej^termint,  and  by 
ammonia  is  converted  into  an  amide  which  crystallizes  in  long 
needles  melting  at  126°.^ 

Iodine  SoBarmmoN-PaoDtJcrs. 

3$oM  oniodacttic  Add,  C,H,IO^  waa  obtained  l^  Perkin 
and  Duppa  '  from  its  ethjl  ether  by  decompocdtion  with  baiyta 
water,  barium  being  precipitated  from  solution  by  dilute 
sulphuric  acid,  and  the  liquid  evaporated  in  a  vacuum.  It  ib 
also  formed  by  heating  acetic  anhydride  with  iodine  and  iodic 
acid: 

3  (G^0),0  +  31,  +  IO,H  =  6  C,H,IO,  +  HI. 
The  iodic  acid  must  be  present  in  excess  in  order  to  prevent 
the  formation  of  free  hydriodic  acid.  On  cooling,  the  product 
solidifies,  and  this  is  treated  with  boiling  benzoL*  The  com- 
pound crystallizes  out  from  this  in  pearly  scales,  and  from 
aqueous  solution  it  can  be  obtained  in  rhombic  tables  which 
melt  at  82°,  and  decompose  when  more  strongly  heated. 
Hydriodic  acid  reduces  it  iu  the  cold  with  separation  of  iodine 
to  acetic  acid,  and  this  reaction  explains  why  iodine  alone  does 
not  form  substitution-products  with  acetic  acid.  Its  salts  sre 
easily  soluble,  and  readily  decompose. 

Ethyl  Momedacetate,  C^jIO,(CjHJ,  is  formed  by  bestdng 
the  chlor-  or  brom-acetic  ether  with  alcohol  and  potassiuin 
iodide,  as  well  as  when  ethyl  thiocyanacetate,  a  body  to  be  here- 
after described  uader  the  glycolyl  compounds,  is  heated  with 
ethyl  iodide  to  120*: 

CH.SCN  CH,I 

I  +    C,HJ    =    J  +    C,H^CN. 

CO.OCjH,  CO.OC^j 

If  the  resulting  mixture  of  ethers  be  treated  with  baryta-water 
the  iodine  compound  is  decomposed,  and  the  iodoacetic  acid  can 
Uien  be  easily  obtained  by  the  method  above  described.*  Ethyl 
iodoacetate  is  a  heavy  oily  liquid,  which  becomes  brown  and 
boils  at  178°— 180°. 

Monwdaeetamide,  C,HjIO,NH^  is  formed  by  the  action  of 
potassium  iodide  on  an  alcoholic  solution  of  the  corresponding 

■  6«ch  and  Bteiaa,  Ser,  Deuiach.  Chan.  Oa.  viiL  II74. 

■  Pkil.  Mag.  [t],  xviu.  C4.  '  SchatienbMipr,  Compl,  Satd.  Ixvi  IMOl 
*  Jeum,  Chtm,  Soc.  ziii  1. 
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chloro-compound.  It  ciystalJkes  in  transparent  prisms,  whicb, 
vfaeu  heated,  melt,  become  yellow,  and  decompose,  with  evolu- 
tion of  iodine  vapours. 

Di-iodacetie  Acid,  C,HjI,0„  was  obtained  by  Perkin  and 
Duppa '  by  the  action  of  milk  of  lime  on  the  ethyl  ether,  and 
decomposing  the  calcium  salt  with  hydrochloric  acid.  The 
heavy  oily  liquid  which  then  separates  out  gradually  sohdifies, 
tanning  large  Bulphur-yellow  opaque  rhombohedrons,  which 
have  a  slightly  acid  reaction  and  a  metaUic  ta^,  and 
smell  somewhat  like  iodine.  It  does  not  act  on  the  skin,  and 
is  only  slightly  soluble  in  water.  It  volatilizes  slowly  in  the 
air,  and  melts  on  heating,  decomposing  at  a  higher  temperature 
with  partial  Bublimation.  It  forms  slightly  yellow-coloured 
crystalline  salts  which  are  readily  decomposed. 

Ethyl  Di-iodaeOate,  CjHIjO,(CjHj),  is  formed  by  heating  the 
corresponding  brom-ether  with  potassium  iodide  and  alcohol. 
It  is  a  yellowish  liquid  which  has  a  sharp  burning  taste,  and 
attacks  the  eyes  and  DOse  strongly.  Treated  with  aqueous 
ammonia,  diAodaettamide,  CgHIOj.NHj,  separates  out  as  a 
light-yellow  crystalline  mass. 

CyanaeUic  Acid,  CN.CHj.COjH,  is  easily  formed  from  the 
mono-subatituted  acetic  acids  by  replacing  the  halogen  by 
cyant^n.  It  acts  as  a  nitril  of  the  dituisic  malonic  acid, 
CH^COiH),,  tinder  which  it  will  be  afterwards  described. 

■XmcO. 
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COMPOUNDS  CONTAINING  THREE  ATOMS  OF 
CARBON,  OR  THE  PROPYL  GROUP. 

351  Propane,  C,H,.  This  gas,  formerly  called  propyl  bjibide, 
Taa  obtained  by  Berthelot  by  beating  jm>pylene  dibnxnide, 
C,H,Bry  or  otber  compounds  oont&ining  three  atoms  of  earbon, 
with  potas»um  iodide  and  water.^  Another  method  adopted  b; 
the  same  chemist  vraa  to  beat  allyl  iodide,  CgH^I,  acetone,  C,H,0, 
glycerin,  C^HgO,,  &c.,  with  hydiiodic  acid  of  specifio  grBvitf  1*9 
to  275°.^  Ronalds'  then  showed  that  exude  American  petroleum 
contains  propane  in  solution,  and  Scborlemmer  *  prepared  it  by 
the  action  of  zinc  and  8uI|^urio  add  on  propyl  iodide.   - 

Propane  is  a  colourless  gas,  sightly  soluble  in  water,  ud 
somewhat  more  soluble  in  alcohol.  When  exposed  to  a  tempers' 
ture  of  from  — 25*  to  — 30°  it  condenses  to  a  colourless  liquii* 
Propane  is  easily  attacked  by  chlorine  in  diffused  daylight  with 
formation  of  primsxy  and  secoadary  propyl  chloride,  as  well  u 
b^her  substitution-products  (Scborlemmer). ' 


PRIMARY  PROPYL  ALCOHOL.  C,HjOH. 

353  ChanceF  in  1853  showed  that  this  compound  was  contained 
in  fusel  oil  obtained  in  the  manuEacture  of  wine-lvandy,  but  he 
did  not  investigate  it  fully.  Mendelejeff,'  who  in  1867  examined 
a  sample  of  this  same  fusel  oil,  did  not  succeed  in  separating 

'  Ann,  Chin.  Fhyi.  [SJ,  II.  S6  and  70.      •  Sail  Sao.  CWm.  [2],  til  56. 

•  Jount.  Chem..  Soc   iviiL  Bi.  *  Proe.  Jtoy.  Soe.  rri  31 ;  xriL  871 

•  Lefehra,  ComFt.  Bmd.  IviL  1S52.  '  Proe.  Roy.  Sot.  iviiL  £S. 
'  Compt.  Bffiid.  zxzviiL  410  ;  Ann.  Chem.  Fham.  IxxiriL  1S7. 

•  ZeiiscK.  Chan.  [2J,  It.  2S. 
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propyl  alctihbl  from  it,  uid  Tromsdoiff '  was  also  unable  to  find 
it  IB  fusel  oil.  From  the  above  observations  it  might  naturally 
be  inferred  that  the  existence  of  the  primary  alcohol  is  doubtful, 
the  more  so  as  all  attempts  to  |H«pare  it  synthetically  proved 
abortiva  Thus  Butlerow  *  endeavoured  to  obtain  it  by  acting 
with  zincmetbyl  on  ethylene  iodhydrin,  IH,C.CHj.OH,  but 
only  obtained  the  secondary  alcohol,  and  Linnemann  and  Siersch' 
arrived  at  the  same  result  in  attempting  its  synthesis  by  acting 
on  propylamine  prepared  from  ethyl  alcohol,  with  nitrous  add. 
Shortly  afterwards,  however,  Fittig*  succeeded  in  recognizing 
the  presence  of  the  jnimary  alcohol  in  fiisel  oil.  The  explanation 
of  the  failure  of  other  chemists  to  obtain  this  compound  is  the 
impossibility  of  separating  it  by  fractional  distillation  when  present 
in  only  small  quantities.  If,  however,  the  mixed  alcohola  be 
converted  into  the  bromides,  a  sepan^on  of  these  latter  com- 
pounds may  then  easily  be  effected.  At  the  same  time 
Schortemmer '  prepared  the  alcohol  from  ,  propane;  and 
Linnemann  *  obtained  it  by  the  reduction  of  propionic  anhydride, 
which  be  had  prepared  synthetically  from  ethyl  alcohol.  The 
existence  of  considemble  qusntities  of  propyl  alcohol  in  a  variety 
of  different  kinds  of  fusel'  oils  was  then  recognized,  and  the 
properties  of  this  alcohol  were  more  exactly  examined.^  Kramer 
uid  Pinner '  found  that  the  "faints,"  or  the  latter  portions  of  the 
distillate  obtained  on  rectifying  crude  spirit  of  wine  (p.  295),  is 
rich  in  propyl  alcohol  Indeed  it  is  now  prepared  in  quantity 
by  fractionating  this  liquid,  and  sold  by  Kahlbaum  of  Berlin.** 
These  "  faints,"  as  well  as  the  still  less  volatile  or  ordinary  fusel 
oil,  are  mixtures  of  several  alcohols  and  of  fetty  acid  ethers,  and 
their  relative  quantities  depend  on  the  nature  of  the  material 
from  which  the  alcohol  was  obtained.  The  following  gives  the 
compodtioD  of  the  "  feints "  from  potato-spirit  according  to 
Rabuteau : " 


*  T«|[bl»tt,  ftwitft  Katurf,  im,  Si. 
1  ZeilMcA,  Ch»in.  [2],  iii.  eSO. 

»  Ann.  CT#jn.  Pharm,  ciliv,  137. 

*  ZntaA.  C/iam.  [2],  U.  4i. 

*  Pnx.  Soy.  Soe.  loe.  eU. 

*  Aiait.  Chem.  I^iarm,  orlviii.  3S1. 

T  Fiim  and  Fnchot,  Campt.  Brnd.  Ixrl.  S02 ;  Ixx.  8S4 ;  BiUL  Soe.  Chim.  [SI 
zir.  S3 :  ChuccI,  Ann.  Chan,  Plutrm.  clL  29S ;  Cirmpt.  Btnd.  Ixnll.  SfiS ; 
Ctupoun  and  Bmith,  Joum.  Chaa.  Soe.  izii,  ISS, 

*  Ber.  Dttdtck.  Chan.  Get.  Iii.  75. 

*  Ber.  BHtV).  Chan.  Ind.  ii.  27i-27fl. 
»  Camft.  Rend.  Ixnrii.  500. 
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Trimethyl  carbiool,  or  tertiary  butyl  alcohol,  also  appeals  to 
be  contained  in  thia  liquid. 

Frimaiy  propyl  alcohol  is  also  found,  together  with  ethyl 
alcohol  and  butyl  alcohol,  in  the  acid  liquors  of  the  starch 
manufacture,  and  also  in  the  products  of  the  lactic  and  butyric 
fermentations.'  It  is  also  fonned  in  the  peculiar  fenneDt&UoD 
of  glycerin,'  about  which  information  will  be  hereafter  given. 

It  has  been  already  stated  that  Linnetnann  was  the  first  to 
obtain  propyl  alcohol  synthetically.  Saytzeff'  also  prepared  it 
by  synthesis  by  acting  with  sodium  amalgam  on  a  mixture  of 
propionic  acid  and  propionyl  chloride ;  whilst  Boss!  *  obtained  it, 
by  a  method  already  described,  from  ethyl  alcohol 

Propyl  alcohol  resembles  spirit  of  wine  in  its  odour.  It  has 
a  specific  gravity  at  0°  of  08198, and  boils,  according  to  Tarions 
observers,  from  96°  to  98°.  The  latter  number  is  protaUy 
the  correct  one,  as  the  boiling-points  of  the  normal  alcohols 
increase  WG  for  every  increment  in  composition  of  CH,*  It  is 
miscible  in  every  proportion  with  water,  but,  on  the  addition  of 
calcium  chloride  and  other  easily  soluble  salts,  it  Bepaiai«9  out 
from  aqueous  solution.  The  specific  gravity  of  the  vapour  ia, 
according  to  Chancel,  202.  If  the  alcohol  he  treated  with 
aluminium  and  iodine,  hydit^en  is  evolved  and  aluminium 
propylate,  Alj(OC,Hf)y  formed.  On  distillation  under  diminished 


■  Fitt,  BtT.  DeiitA.  Chem.  Qt».  xiU.  36. 

*  Zeit»A.  Chem.  1870,  105.  *  Comft.  Stud.  Lu.  119. 

'  Qrinuluw  ud  Sdun-lemmer,  Jauni.  Chem,  Six.  zxtI.  108S. 
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preasnre,  this  compound  comes  over  as  a  heavy  liquid,  solidify- 
iig  to  an  amorphous  maes.^ 

Frimary  propyl  alcohol  is  not  used  in  the  arts  or  mami&c- 
tures,  but  firequentljr  employed  in  scientific  research.  Its  deriTa- 
tives  closely  resemble  those  of  ethyl  alcohol,  and  are  prepared 
in  a  like  manner,  A  short  description  of  these  may  therefore 
suflice. 

Propyl  Oxide  or  Dipropyl  HUier,  (C,H,)jO,  is  a  colourless  liquid 
smelling  like  common  ether  and  boiling  at  85° — 86°,  obtained  by 
Chancel  by  heating  a  solution  of  caustic  potash  in  the  alcohol 
with  propyl  iodide.  Mtthylpropgl  Eiher  may  be  obtained  in  a 
similar  way,  as  a  liquid  boiling  at  49°  to  52°  and  possessing 
analogous  jffoperties  to  common  ether,  Etkylpropyl  Ether,  boil- 
ing at  about  63° — 64°,  can  likewise  be  prepu^d  (BrUhl). 

Propyl  Chloride,  C,HtC1,  ia  obtained  by  acting  with  hydro- 
chloric acid  or  phosphorus  trichloride  on  the  alcohol  (Pierre  and 
Puchot).  It  is  also  formed  when  the  iodide  is  heated  to  130 
with  mercuric  chloride  (Linnemann).  It  is  an  easily  mobile 
liquid  boiling  at  46°5  and  having  a  specific  gravity  at  0°  of 
0-9166. 

Propyl  Bromide,  CgH^Br.  In  order  to  prepare  this  compound 
it  is  not  necessary  to  employ  the  pure  alcohol,  but  fusel  oil  or 
the  residual  spirit  rich  in  propyl  alcohol  may  be  at  once  treated 
with  bromine  and  phosphorus.  The  products  can  be  easily 
separated  by  fractional  distillation,  and  the  propyl  bromide  thus 
obtained  boils  at  71°,  and  has  a  specific  gravity  of  1*3497. 
The  remarkable  fact  must  here  be  noticed  that  primary  propyl 
Isomide  when  heated  with  alununium  bromide  is  transformed 
by  intramolecular  change  into  the  secondary  compound.* 

Propyl  Iodide,  C,HtI,  boils  at  102°,  and  has  a  specific 
gravity  at  0°  of  1'7842.  Heated  with  six  times  its  volume  of 
water  for  twenty-four  hours  at  100°,  it  is  converted  into  the 
akuhol. 

Propyl  NiiTiU,  CgHjO-NO,  was  prepared  by  Cahonrs,  by  acting 
with  nitrous  acid  upon  the  alcohol  It  is  a  pleasantly  smelhng 
liquid,  boiling  at  46' — 56°. 

Propyl  Borate,  {fi^)^Ot,  ia  obtuned  by  acting  upon  proKrl 
alcohol  with  boron  trichloride.  It  is  a  mobile,  slightly  ethereal 
smelling  liquid,  possessing  a  burning  and  bitter  taste;  it  boils  at 
172*  to  175°,  and  has  a  specific  gravity  at  16°  of  0-867  (Cahonrs). 
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Propyl  Siiicaie,  (CjH7),SiO^,  is  formed  in  a  stmilar  way  to  the 
foregoing  compound,  aod  is  a  liquid  boiling  at  225°  to  227*  aad 
having  a  specific  gravity  at  18°  of  0915.  It  ia  easily  do- 
composed  by  water  witb  separation  of  silica  (Cahours). 

Propyl  Carbonate,  (C,H^),CX)„  is  obtained,  according  to 
Cabouia,  by  treating  the  oxalate  with  sodium.  It  is  a  liquid 
boiling  at  156° — 160°  and  possessing  a  pleasant  smell.^ 

Propyl  Cklorocarbonate,  CjHfO.OOCl,  is  obtained  by  acting 
with  carbonyl  chloride  on  the  alcohol.  It  is  a  very  pnngent 
liquid  which  attacks  the  eyes,  and  boils  at  115°*2.  If  this 
ether  be  allowed  to  act  on  sodium  propionate,  the  carbonate  is 
formed,  boiling  at  168°'2.*  Ammonia  couverts  the  cblorocar- 
bonate  into  propyl  carbamate,  C^HTO.CO.NHg,  which  is  also 
obtained  by  heating  the  alcohol  with  urea  (Cahours).  It 
forms  large  colourless  prisms  difficultly  soluble  in  water,  which 
melt  at  50°,  the  liquid  boiling  at  194° — 196°.  If  an  excess  of 
urea  be  employed,  propyl  aWqpA/mofe,  HjN.C0.NH,C0.0.CjH7, 
is  formed.  This  crystallizes  from  alcohol  in  pearly  crystals  which 
melt  at  ISO'  to  160°. 

Propyl  Pormate,  {CgH7)CH0g,  is  a  pleasantly  smelling  liquid 
boiling  at  83°. 

Propyl  Ortko/ormate,  (CjHjO)j,CH,  boils  at  196°— igs*. 

Propyl  Aixtate,  (CjH,)C,H,Oj,  resembles  acetic  ether,  hut 
smells  like  pears.  It  boils  at  102°,  and  has  a  specific  gravity  at 
0°  of  0-913. 

Propyl  Sydroaidphidt,  C,Ht.SH,  was  obtained  by  Romer  by 
treating  the  bromide  with  potaa^um  hydrosulphide.  It  is  a 
disE^reeably  smelling  liquid  boiling  at  67° — 68°.* 

Propyl  Sulphide,  (C,H;)jS,  is  obtained  by  the  action  of  the 
iodide  on  an  alcoholic  solution  of  potassium  sulphide.  It  is 
a  disagreeably  smelling  liquid,  boiling  at  130° — 135°,  which 
forms  trisulphine  compounds  with  the  iodides  of  the  alcohol 
radicals.* 

Propylamine,  CjHjNHj,  was  first  prepared  by  Mendius,'  by 
acting  with  hydrochloric  acid  and  zinc  oq  an  alcoholic  solution  of 
propionitril.  Silva  ^  then  obtained  it  by  acting  on  silver  cyanate 
with  proj^l  iodide,  and  treating  the  mixture  of  propyl  isocyaoate 


I  Oomjit.  Rmd.  Ixxvu.  749. 

*  B«T.  DruUcK.  Chtm.  Oa.  n.  781. 

*  ^nn.  Chtm.  Pharm.  cxii.  129. 
■  U.  Ixiz.  473 ;  Btr.  JktitiA.  Chtm.  Qa.  It  SS9. 
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and  isocyanurate  thus  obtained,  with  potash  and  distilling. 
lannemaBn  also  prepared  it  in  the  same  way.^ 

It  is  a  liquid  possesdng  a  strongly  ammoniacal  smell  and  boil- 
at  49°7.  It  is  miscible  with  water  with  evolutioa  of  heat,  and 
the  aqueous  solution  precipitates  the  salts  of  iron,  coj^r,  lead, 
aluminium,  nickel,  cobalt,  silver,  and  mercury,  and,  of  these,  the 
aluminium  and  silver  precipitates  dissolve  in  an  excess  of  the 
base.  Propylamine  forms  ciTstallizable  salts  and  easily  combines 
with  the  iodides  of  the  alcohol  radicals. 

TttrapropylaTtmionium  Iodide,  T^(fi^j)J.,  was  obtained  by 
Homer  by  heating  propyl  iodide  with  alcoholic  ammonia, 
separating  the  bases  which  are  furmed  by  treatment  with  soda, 
and  mixing  with  propyl  iodide,  when  the  above  compound  is 
formed  with  considerable  evolution  of  heat  It  crystallizes 
from  water  in  fine  white  prisms,  and  yields  an  alkaline  very 
deliquescent  hydroxide  on  treatment  with  silver  oxide,  and  this, 
on  heating  with  water,  is  converted  into  propylene  and  tripro- 
pylamine,  N(C,H,)y  the  platinicliloride  of  which  ciystallizes  in 
splendid  red  tablets.* 

Propyl  Carbamine,  CN.C,Hj,  is  obtained  by  the  action  of  the 
bromide  on  cyanide  of  silver.  It  is  a  strongly  smelling  liquid, 
boiling  at  95"— 100°. ' 

Propyl  Thtoeyaiuiie,  NCS,CjHj,  is  obtained  by  acting  on  silver 
thiocyanate  with  the  bromide.  It  boils  at  163°,  and  has  a  dis- 
agreeable smell  (Schmitt). 

NlTBO-COMPODNDS  OF  PfiOPTL. 

353  Primary  Nitroprapane,  CjHjNOj,  is  formed  together  with 
propyl  nitrite  when  silver  nitrite  acts  upon  propyl  iodide.  It  is 
a  liquid  very  similar  to  nitroethane,  and  boils  at  125° — 127°.* 
By  the  action  of  bromide  on  its  solution  in  potash,  substitution- 
jffoducts  occur  similar  to  those  of  nitroethane. 

Monobromn/Un^trtrpane,  CgH^BrNO^  is  a  heavy,  oily,  strongly 
smelling  liquid,  boiling  at  160° — 165°,  and  easily  soluble  in 
alkalia 

D^nvmniiropropane,  CjHjBrjNOj,  is  an  oil  closely  resembling 
the  foregoing  compound,  boiling  at  184i° — 186°,  but  is  not 
soluble  in  alkalis.' 

'  Ann.  Chan.  Pharm.  clii.  45.  *  Btr,  IktttteA.  Chnu,  Ota,  vi.  784. 

*  Schmitt,  ZtiUch.  Chan.  [2],  vi.  676. 

*  V.  Uejer,  Ann.  CAem.  Pharm.  clxxi.  88. 

'  He^  tud  TBChemiak,  Ann.  Cheat,  Pharm.  clzzJC.  IIS. 
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Dinitropropatu,  C,H,(NO,)f  When  a  Bolation  •£  moDobiom- 
nitropropane  and  potaasium  nitrite  in  dilute  sj»rit  of  vine  is 
mixed  with  alcoholic  potash,  the  potassium  salt,  C,H,K(NO,)j, 
separates  out,  mixed  with  potassium  bromide.  This  Utter  is 
removed  hy  washing  with  cold  water.  If  the  potassium  com- 
pound be  added  to  dilute  sulphuric  acid,  dinitropropane  sepaiatos 
out  as  an  oily,  colourless  liquid,  which  possesses  a  faint  alcoholic 
smell  and  a  sweet  taste.  It  boils  at  189",  and  has  a  speciiic 
gravity  of  1-258  at  22'''5,  and  reddens  litmus-paper.  Its  salts 
have  a  yellow  colour,  and  are  explosive.  The  potassium  salt 
is  difficultly  soluble  in  cold  water,  and  crystallizes  from  tiie  hot 
solution  in  needles  or  striated  prisms.^ 

Dinitropropane  is  also  formed  by  the  action  of  hot  con- 
centrated nitric  acid  on  difvopylketone,  (C,Hj)jCO.  The  body 
thus  obtained  was  formerly  considered  to  be  nitroproplonic  acid, 
as  no  determinatioD  of  the  nitrogen  had  been  made,  and  the 
analyses  of  the  few  salts  which  were  examined  pointed  to 
this  conclusion,* 

Ftopyl  Ifitrolie  Acid,  C,H((NOJNOH,  is  prepared  in  a 
similar  way  to  ethyl  nitrolic  acid.  It  ciystallizes  from  ether  in 
lai^  light  yellow  prisms,  having  a  bluish  fluorescence,  possesses 
a  sweet  taste,  and  in  its  other  properties  closely  resembles  the 
ethyl  compound.' 

Compounds  or  Fbopyl  and  thb  Metals. 

354  Arsenic  Comptmndt  o/Fropi/l.  When  propyl  iodide  is 
heated  with  arsenic  for  about  thirty  hours  to  180°,  the  compound 
Aslj  +  As(C|Hj)4l  is  formed,  and  this,  on  cooling,  solidifies  to 
reddish-brown  crystals.  If  zinc  arsenide  be  employed  in 
place  of  the  latter  element,  prismatic  crystals  having  the  com- 
poeition  Znl,  -|-  2As(CHJjI  are  produced.  Both  these  com- 
pounds yield,  on  distillation  with  potash,  the  very  unpleasantly 
smelling  tripropylarsine,  As(C,Hf),,  which  readily  unites  with 
the  alcoholic  iodides* 

Btryllium  Propyl,  Be(CjHj)j,  is  obtained  by  beating  beiylliam 
with  mercuiy  propyl,  and  is  a  liquid  boiling  at  244°— SM", 
fuming  in  the  air,  and  not  beii^  spontaneously  inflammable.* 

*  tar  Mmt,  LiAig't  Ann.  elxxri.  IB. 

■  CYuattxl,  A*n.  Chim.  PAyt.  [S],  xii,148;  Eiin,^tt«.  C&km.  Aonia.  dil.  Hi 

*  Heyer,  lb.  clzzv.  114.  *  CUionn,  CompL  Smd.  Izzri.  7fiS. 

*  Coi^  And.  IzxtL  ISSS. 
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Zinc  Propyl,  Zn(CgHj)j,  was  prepared  by  Cahonrs  by  beating 
zinc,  togctber  with  propyl  iodide,  to  120° — 130°.  It  boils  at 
158° — 160°,  fumea  in  tbe  ajr,  and  is  easily  in£ainm&ble.' 

Mercury  Propyl,  Hg(C,H^)j.  This  compound  is  obtained  by 
acting  npon  the  iodide  with  nodium  amalg&m  in  presence  of 
acetic  ether.  It  is  a  mobile  liquid,  having  a  faint  smell  when 
cold,  and,  on  beating,  this  becomes  stronger.  It  has  a  spstHfic 
gravity  at  16°  of  2124,  and  boils  at  189°— 191°.  It  iti  easily 
attacked  by  acids,  with  formation  of  propyl  mercury  salts.  The 
iodide,  CtH,HgI,  is  converted  by  moist  silver  oxide  into  the 
crystalltne,  strongly  alkaline,  hydroxide  (Cahours). 

Atumimam  Propyl,  A1(C,Ht),,  is  prepared  similariy  to  the 
zinc  compound,  and  is  a  spontaneously  inflammable  liquid,  which 
boils  at  248—252°. 

Tin  Propyl  Compounds.  By  heating  propyl  iodide  with  Ian- 
foil,  dipropyl  tin  dv^iodide,  (CgHf)jSnIf,  is  formed.  This  is  a 
liquid  boiling  at  270° — 273°,  and  is  converted  by  alkalis  into 
the  corresponding  amorphous  oxide.  Hydrochloric  acid  converts 
it  into  the  dichloride,  which  forms  fine  crystals,  melting  at  80° — 
81°.  If  propyl  iodide  be  thought  in  contact  with  an  alloy  of  tin 
and  sodium  containing  10  per  cent,  of  the  latter  metal,  tripropyl 
tin  iodide,  (CtH^)gSnl,  is  formed  as  a  liquid  possessing  a  pungent 
smell,  and  boilii^  at  260°— 262°.  This,  when  heated  with 
caustic  potash,  yields  the  hydroxide,  (C,H,),SnOH,  which  distils 
over  as  an  oily  liquid,  and  this  on  cooling  solidifies  to  a  ciystal- 
line  mass.  It  has  a  powerful  smell,  an  alkaline  reaction,  and  on 
distillation  with  caustic  baiyta  yields  the  oily  oxide  (CgH,)g&i,0, 
which  again  easily  combines  with  water.  Hydrochloric  acid 
converts  the  oxide  into  tbe  voUtile  chloride,  which  has  a  smell 
stronger  than  that  of  tbe  iodide. 

Tin  Tetrapropyl,  Sn(CBHj),,  is  obtained  by  heating  trijnropyl 
tin  iodide  with  zinc  propyl.  It  is  a  liquid  possessing  a  strongly 
ethereal  smell,  boiling  at  222° — 225°,  and  having  a  specific 
gravity  at  14°  of  1-179.* 

I  Compt.  Btiui.  IzzTi.  7S1. 

■  Calioiin,  Compt,  Btnd.  Ixxri.  138  ;  Ixxxriii.  72G :  Cahoiin  uid  DenMnay, 
a.  lExxviii.  IIU. 
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PROPIONIC    ALDEHYDE    AND    PROPIONIC 
ACID. 

3J5  Pr(^pionic  Aldehyde,  CjHgO,  is  formed  when  propyl  alcohol 
is  acted  upon  hy  moderate  oxidizing  agents,  and  also  when  a 
mixture  of  calcium  fonnate  and  calcium  propionate  is  subjected 
to  diy  distillation.  It  is  a  thin  liquid,  possessing  a  suffocating 
smell,  boiling  at  -tS'-S,  and  having  a  specilic  gravity  at  0"  of 
O'SOl  (Roasi).^  It  is  not  miscible  in  all  proportions  with  water, 
requiring  five  times  its  volume  for  complete  solution,  and  it  is 
easily  transformed  into  propionic  acid  by  further  oxidation. 

Fbopionic  Acid,  C,H,0, 

356  This  acid  was  obtained  by  Gottlieb,*  in  1844,  by  oxidizing 
metacetone,  C,Hjg(),  and  also  by  heating  sugar,  starch,  gum,  &c., 
with  concentrated  caustic  potash ;  and  to  it  he  gave  the  name  of 
metacetonic  add.*  B«dtenbacher  then  obtained  it  by  ferment- 
ing an  aqueous  solution  of  glycerin  by  means  of  yeast* 

The  synthetic  production  of  propionic  acid  from  ethyl  cyanide 
(propionitsil)  was  discovered  by  Dumas,  Mali^ti,  and  Leblanc,' 
OS  well  as  by  FranUand  and  Eolbe.'  Wanklyn '  afterwards 
showed  that  it  is  formed  by  the  direct  combination  of  carbon 
dioxide  and  sodium  ethylate.  Lastly,  Ulrich  ^  obtained  it  by 
indirect  reduction  from  lactic  or  oitypropionic  acid. 

Propionic  acid  is  also  formed  in  a  variety  of  other  ways,  thus, 
Strecker'  obtained  it  by  the  fermentation  of  calcium  lactate. 
Nollner,'"  in  1841,  proved  that  a  peculiar  acid  is  found  amongst 
the  fermentation-products  of  calcium  tartrate,  and  to  this  he 
gave  the  name  of  pseudo-acetic  add.  Berzelius ''  considered  this 
to  be  a  mixture  of  butyric  and  acetic  add,  whilst  Nickl^" 
believed  it  to  be  a  peculiar  compound  of  these  two  acids,  and 
therefore  termed  it  butyro-acetic  acid.  On  the  other  hand, 
Dumas    and    his  friends   came   to  the  conclusion  that  it  is 

1  lAtbi^t  Aunt.  elix.  79.  *  Aim.  Chem.  nam.  III.  ISL 

•  Ann.  ClUM.  Pharm.  lii.  II.  *  lb.  IviL  17t. 

•  Compt.  Kaid.  zir.  070  and  7SI ;  Aim.  Chmi.  PKarw.  Mr.  SSS,  33*. 

•  Chem.  Sac  Joum.  i.  80.  ^  lb.  x.  103,                 *Ib.ax.  27L 
■  Ann.  CKtM.  Pham.  iciL  SO.  "  lb.  xxxriii.  3B9. 

"  £erxaiiu  JahnA.  zxii.  233.  "  ^mL  OUm.  PhtM.  Izi.  9M. 
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identical  with  propionic  acid,  because,  like  this  last-named  acid, 
it  possesses  a  constant  boiling-point.^  Again,  Limpricht  and 
U^r  *  found  that  though  butyro-acetic  acid  forms  salts  which 
have  the  same  composition  as  the  corresponding  propionates,  the 
free  acid  may  be  converted  by  simple  distillation  into  acetic  and 
butyric  acids. 

These  contradictory  statements  have  recently  been  fully  ex- 
plained by  the  investigations  of  Fitz.'  He  tiuds  that  the  fer- 
mentation of  calcium  lactate,  calcium  tarteate,  calcium  malate, 
and  glycerin  may  give  rise  to  any  one  of  these  free  acids,  or  a 
mixture  of  them,  tlie  exact  nature  of  the  product  depending 
upon  the  special  ferment  causing  the  change.  Thia  chemist 
has  shown  that  various  species  of  schizomycetes  (BaciUve) 
exist,  and  that  the  particular  fermentation  which  takes  place 
depends  upon  the  presence  of  a  certain  definite  species  of 
the  ferment  This  he  has  proved  by  preparing  these  several 
ferments  in  the  pure  state,  and  thus  briogiug  about  any  special 
kind  of  fermentation  deaired.  For  further  information  on  this 
point,  the  article  on  "  Fermentation  "  must  be  referred  to. 

Id  order  to  prepare  propionic  acid,  propionitril  is  heated  in  a 
flask  connected  with  an  inverted  condenser  with  either  aqueous 
<^  alcoholic  potash  until  no  further  evolution  of  ammonia 
occuni,  and  until  the  smell  of  the  nitril  has  disappeared.  The 
liquid  is  then  evaporated  down,  and  the  residue  distilled  with 
slightly  diluted  sulphuric  acid.  In  this  case  it  is  not  necessaiy 
to  employ  pure  propionitril ;  It  suflSces  to  heat  ethyl  iodide  with 
alcohol  and  powdered  potassium  cyanide  until  it  is  decomposed, 
and  then  to  treat  the  distillate  as  described.* 

Propionic  acid,  as  Frankland  and  Kolbe  have  shown,  is  also 
formed  when  the  nitril  is  heated  with  tolerably  dilute  sulphuric 
acid.  In  order  to  prepare  It  in  this  way,  Linnemann  '  recom- 
mends treating  the  nitril  with  its  own  weight  of  strong  sulphuric 
acid  previously  mixed  with  water  in  the  proportion  of  seven  to 
three.  The  mixture  of  nitiil  and  diluted  acid  is  then  heated  in 
connection  -Kith  a  reversed  condenser,  and  the  acid  distilled  off. 

The  aqueous  acid  obtained  by  one  or  other  of  these  methods 
is  then  converted  into  the  sodium  salt,  which  may  again  be 
decomposed  by  concentrated  sulphuric  acid  or  heated  in  a 
stream  of  dry  hydrochloric  acid  gas  (Linnemann). 

'  Ann.  Cum.  norm.  liiv.  32B.  »  Ih.  xcir.  821. 

■  Btr.  DtiOKh.  Chan.  Get.  xii  470. 

*  Williamaon,  Phil.  Mag.  [4],  vi,  204. 

*  Ann.  CA«m.  Pharra.  cklviiL  261. 
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According  to  Bedturte  and  Otto,*  the  acid  is  moat  readily 
prepared  by  heating  to  100°  one  part  by  weight  of  the  nitril  with 
three  parts  by  weight  of  a  mixture  of  thi-ee  Tolumea  of  water 
and  two  of  sutphuric  add  until  the  oily  layer  which  ia  eeparated 
ont  does  not  increase  in  volume.  This  latter  is  then  almost 
pure  propionic  acid,  which  may  be  easily  freed  &om  water  by 
rectification. 

Fitz*  states  that  the  fermentation  of  calcium  lactate  and 
calcium  malate  ia  much  to  be  recommended  as  a  source  of 
propionic  acid.  Propionic  acid  ia  also  formed,  together  with 
other  acids  of  the  fatty  series,  in  the  putrefaction  of  various 
organic  bodies,  and  it  is  likewise  found  in  the  products  of  dis- 
tillation of  wood.^ 

Propionic  acid  is  a  colourless  liquid,  possessing  a  Bmell  re- 
sembling acetic  acid,  but  also  like  that  of  butyric  acid.  It 
boils  at  140°,  and  has  a  specific  gravity  of  1016  at  0'.  It  is 
miscible  in  all  proportions  with  water,  but  on  the  addition  of 
calcium  chloride,  or  other  easily  soluble  salts,  it  separates  out 
and  swims  on  the  surface  as  an  oily  liquid.  For  this  reason,  ta 
well  as  because  its  salts  have  a  fatty  feel,  the  name  which  it 
now  bears  was  given  to  this  acid  by  Dumas  (irporoi,  the  fint, 
irtoy,  taX). 

The  Pbopionates. 

357  The  propionates  are  all  soluble  in  water,  and  almost  all 
crystallize  readily.  Those  of  the  alkali-metals  yield,  when 
heated  with  anenic  trioxide,  a  smell  resembling  that  of  cacodjl 

The  following  are  the  most  characteristic  salts : 

Silver  Fropimutie,  CjHjO,Ag,  is  thrown  down  as  a  crystalline 
precipitate  when  silver  nitrate  is  added  to  a  solution  of  a  pro- 
pionate. It  dissolves  in  119  parts  of  water  at  18°,  and  much 
more  easily  in  boiling  water.  It  crystallizes  on  coohng  in 
glistening  tablets,  and  sometimes  in  large  broad  needles. 

lead  Propionate,  (C,HjO,)^h,  crystallizes  with  great  difficulty, 
and  on  evaporating  its  solution,  it  usually  remains  in  the  form 
of  a  gummy  mass.  When  its  solution  is  evaporated  with  finely 
divided  oxide  of  lead,  a  basic  salt  of  the  composition  3(C,H,0,)iPb 
-I-  iPbO  is  formed.  This  may  be  dissolved  from  the  residue  by 
cold  water.     On  boiling  this  solution  it  separates  out  in  needles 

>  Ser.  Devitch.  Citm.  Ott.  x.  S62.  *  Jb.  zi.  1899. 

■  Btrti,  Comfl.Jlaid.  livid.  132%;  AnAenoa,  Ch«m.  Ntvt,  xir.  257 ;  Ertnu-, 
lad  OrodBki,  £er.  Dtwttck.  Chan.  Qa.  xL  ISSd. 
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or  as  a  crystalline  powder.  It  dissolres  at  the  ordmaty  tem- 
perature in  &x)m  8  to  10  parts  of  w&ter. 

This  characteristic  salt  is  well  adapted  for  the  separation  of 
propionic  from  formic  and  acetic  acids.  The  mixture  of  acids 
is  evaporated  to  dryness  with  oxide  of  lead,  the  residue  treated 
with  cold  water,  and  the  precipitate  of  the  basic  lead  propionate 
thrown  down  on  boilii^  the  solution.  The  basic  salts  of  the 
other  two  acids  remain  in  solution,  and  may  be  separated  by 
filtration  of  the  boiling  liquid.* 

Methyl  Fropumatc,  C^HgOj-CHj,  possesses  a  pleasant  smell, 
boils  at  l^'-'S,  and  has  at  0°  a  specific  gravity  of  0-9578. 

Ethyl  Propionate,  G^f>^.G^^  boils  at  100°,  and  has  at  0°  a 
specific  gravity  of  09138. 

Propyl  Propionate,  CgHjOyCgHy,  is  a  liquid  boiling  at  12i°, 
and  having  a  specific  gravity  of  0-9022  at  0'. 


Phopiontl  Cohpoundb. 

358  Propionic  Anhydride  or  Propionyl  Oxide,  (CjHjO)jO,  is 
obtained  by  the  action  of  propionyl  chloride  on  sodium  pro- 
pionate. It  has  a  smell  resembling  acetyl  oxide,  and  is  a  liquid 
boiling  at  16S°— 169',  and  having  a  specific  gravity  at  15'  of 
10169. 

Propionyl  Chloride,  CgH^OCl,  is  formed  by  heating  propionic 
acid  with  phosphorus  trichloride,  but  has  as  yet  not  been 
obtained  pare. 

Propionyl  Bromide,  C,HjOBr,  is  prepared  in  a  similar  way, 
and  is  a  pungent  smelling  liquid,  fuming  on  exposure  to  the 
idr,  boiling  at  96"— 98°,  and  having  at  14'  a  specific  gravity  of 
1-465.* 

Propionyl  Iodide,  CjHjOI,  is  obtained  by  the  action  of  phos- 
phorus and  iodine  upon  the  acid.  It  is  a  colourless  heavy  liquid, 
boiling  at  127°— 128°  (Sestini). 

Propionamide,  CgHjONHp  is  formed  by  acting  with  aqueous 
ammonia  on  ethyl  propionate,"  or  by  passing  ammonia  into  heated 
propionic  acid  until  the  boiling-point  rises  to  200°.  It  forma 
readily  soluble  crystals  which  melt  at  78° — 76°.* 

'  linnamftnn,  Ann.  Chem.  Pharm.  clz.  195. 

*  Ststiui,  Bull.  Sac  Chim.  [2],  zi.  46S. 

*  Bull  Soc.  CAtn.  [2],  xy.  22S. 

*  £ngl«r,  AxM.  Chan,  Pharm,  ctKziiL  Hi. 
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SubitituUd  Propionie  Aeids.     The  moco-substitution  products 
exist  in  two  isomeric  forms  : 

a-Brompmpionie  Add.  ^-Brompropionic  Acid. 

CH,  CHjBr 


H. 


CHBr  C: 

I 

00,H.  CO,H. 

The  first  of  these  is  formed  by  heating  propionic  acid  with 
braroiue;  if  the  bromine  be  employed  In  excess  Dihromr- 
propionic  acid,  CH,CBr,CO,H,  is  formed.  Hence  it  b  seen 
that  the  substitution  here  takes  place  in  the  carbon  atom  at- 
tached to  the  carbozyl  group ;  this  is  also  found  to  be  the  case 
with  the  other  Catty  acids.  The  jS^compounds,  as  well  as  the 
remaining  a-compounds,  are  not  formed  by  the  direct  action  of 
bromine  on  the  acid ;  they  will,  therefore,  be  described  further 
on  (see  Lactic  and  Glyceric  Acids). 


FBOmoHrrBiL  and  its  Derivatives. 

359  Propionitril,  CjHjCN,  was  first  prepared  by  Pelouze,'  by 
distilling  a  mixture  of  barium  ethylsulphate  and  potassium 
cyanide.  He  termed  it  eyanure  d'&hyU,  and  described  it  as  a 
very  poisonous  liquid  possessing  a  strong  alUaceous  odour.  Its 
chief  reactions  were  then  examined,  as  has  been  stated,  by 
Dumas,  Malaguti,  and  Leblanc,  as  well  as  by  Frankland  and 
Kolbe. 

Pelouze's  method  does  not  give  a  good  yield,  and  the  product 
contains  the  isomeric  ethylcarbamine,  which  imparts  to  it  an  un- 
pleasant smell  and  poisonous  properties.  According  to  Gautier,* 
it  may  be  purified  by  treating  it  with  dilute  sulphuric  acid  and 
then  warming  it  for  some  time  with  mercuric  oxide. 

Linnemann  *  obtained  it  by  distilling  equal  weights  of  potas- 
sium cyanide  and  potassium  ethylsulphate.  The  portion  boiling 
at  110°  is  heated  with  dilute  hydrochloric  acid  until  it  has  an 
Acid  reaction,  and  then  distilled ;  the  distillate  is  shaken  first 
with  caustic  potash,  and  afterwards  with  a  concentrated  solutitm 
of  calcium  chloride.  It  is  then  dried  over  anhydrous  potasdum 
carbonate,   and,   lastly,  washed   for  several  times  with  smidl 

z.  S4&. 

*  Ann.  Chem,  Pham,  toMiL  SfiS. 
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quantities  of  water.  By  this  process  he  ohtained  265  kilos, 
from  20  kilos,  of  potassium  cyanide. 

Hofmann  and  Buckton  ^  prepared  it  hy  heating  propionamide 
with  phosphorus  pentoxide.  Accordiog  to  Qautier,*  it  is  best 
obtained  by  Williamaon's  method.*  For  this  purpose  ethyl  iodide 
is  heated  with  potassium  cyanide  in  closed  tubes  to  180°  and  the 
product  dbtilled.  The  distillate  ia  then  washed  with  a  weak 
eolation  of  calcium  chloride,  when  any  undecomposed  ethyl 
iodide  sinks  to  the  bottom,  whilst  the  nitril  swimming  on  ihe 
top  may  be  washed  several  -  times. 

Propionitril  is  also  obtained  by  the  action  of  t^anogen 
chloride  on  zinc-ethyl,*  and  also  when  the  last-named  substance 
ia  treated  witli  cyanogen  gas,"  when  the  following  reaction 
occurs: 


CN  C,H.  CN  CN 

2'   I      +    Zn<  -     2  I  +    Zn< 


^CN 


The  Bubetance  obtained  by  one  or  other  of  these  processes  is 
dried  over  chloride  of  calcium  and  rectified. 

Pure  propionitril  is  a  mobile,  peculiar,  ethereal  smelling  liquid, 
boiling  at  97°,  and  solidifying  at  68°,  and  possessing  at  0°  a 
specific  gravity  of  08010  (Thorpe),  that  of  its  vapour  being 
1*928.  It  is  tolerably  soluble  in  water,  but  may  be  separated 
by  the  addition  of  calcium  chloride. 

Propionitril  combines  with  the  hydracida'  The  hydrochloride, 
CgHgNHCI,  is  gradually  formed  when  propionitril  saturated 
with  hydrochloric  acid  is  allowed  to  stand  in  a  closed  vessel 
It  forms  apparently  monoclinic  prisms  which  are  slightly 
soluble  in  water.  It  is  decomposed  into  its  constituents  by  dry 
ammonia.  On  exposure  to  air,  propionitril  absorbs  water  and 
is  converted  into  sal-ammoniac  and  propionic  acid.  It  melts 
at  121°,  and  on  standing  at  this  temperature  for  some  time  is 
converted  into  a  yellow  oil  which  does  not  again  solidify.  It 
also  forms  compounds  with  the  metallic  chlorides,  with  carbonyl 
chloride,  and  with  cyanogen  chloride.^ 

By  distilling  one  part  of  potassium  cyanide  with  three  parts 
of  potassium  ethylsulphate,  Gautier  obtained  a  compound  of 
the  nitril  with  alcohol,  CjHjN,3C,H,0,  which  boils  at  79°,  and  is 

I  Froe.  Sof.  fiao.  TiiL  1S8  (1SBS).      *  Loe.  eil. 

*  Phil.  Mag.  [4],  ii.  306,  *  Gal,  Ann.  Chtm.  J'Aarm.  ezlni  ISS. 

*  FnokUnd  ud  Onhtm,  C\»m.  Son.  Joum.  18S0,  i.  HO. 

*  Qtatier,  loc  eO.  '  Uenke,  Ann.  Chan.  Pkartu.  ctL  £80. 
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misclble  id  all  p^c^rtiona  with  water.  It  foma  a  aryatallina 
ma^s  with  cyanide  of  potassium,  finua  which  it  may  be  again 
obtuned  in  the  pure  state  by  distiUattoiL  The  q)ecific  gravity 
of  the  vapour  is  1'618,  from  which  it  is  Been  ^t  the  above 
compound  cannot  exist  in  the  form  of  vapour. 

Oganethine,  (C,HJ,Mg,  was  first  prepared  by  Frankland  and 
Kolbe*  by  the  action  of  potassium  on  moist  propionitril. 
E.  Ton  Heyer  *  found  that  a  better  yield  is  obtained  by  employ- 
ing dry  propionitril  and  aodium.  In  this'  preparation  ethane 
is  evolved,  and  a  yellow  solid  mass  remains,  which  is  decomposed 
by  water,  yielding  caustic  Boda,  sodium  cyanide,  propionitril, 
ammonia,  and  sodium  propionate.  Cyanethine  is  very  slightly 
soluble  in  cold  water,  and  ciystalUzes  from  hot  water  in  pearly 
scales  melting  at  189°,  and  boils  with  partial  decomposition  at 
280^  It  is  a  monad  base,  possessii^  a  weak  alkaline  reaction. 
The  hydrochloride,  CaHu^NjHCl  +  ^O.  ia  very  soluble,  crystal- 
lizes in  large  transparent  striated  fvisms,  and  forms  with 
platinic  chloride  a  double  salt  crystallizing  in  ruby  red  octohe- 
drons.     The  nitrate,  CgH^N,NOjH,  crystallizes  in  large  prisms. 

Cyanethine  is  a  tertiary  base,  capable  of  uniting  with  one  mole- 
cule of  ethyl  iodide.  If  the  resulting  compound  be  treated 
with  oxide  of  silver  and  water,  a  strongly  alkaline  solution  ia 
obtained  of  ethylcyanethoniutn  hydroxide,  C^((C,H^NgOH. 

When  cyanethine  is  heated  with  strong  hydrochloric  acid, 
sal-ammoniac  is  obtained,  together  with  a  monad  tertiary  base, 
CgH^ON^  This' crystallizes  from  hot  aqueous  solution  in 
splendid  groups  of  needles  which  melt  at  156° — 157°.  By  the 
action  of  phosphorus  pentacbloride  the  compound  C,HjjClN, 
is  obtained.  This  is  an  oily  liquid,  possessing  an  unpleasant 
persistent  smell ;  it  can  be  distilled  in  a  vacuum  without  de- 
composition, and  when  heated  with  ammonia  is  reconverted 
into  cyanethine,  whilst  nascent  hydrogen  converts  it  into  the 
base,  OgHj^Ny  a  colourless  oily  liquid  boiling  at  204° — 205°. 
It  dissolves  readily  in  water  with  alkaline  reaction,  but,  on  heat- 
ing, the  solution  becomes  turbid,  owing  to  the  separation  of  the 
compound.  This  compound  possesses  an  unpleasant  stupifying 
smell,  and  acts  as  a  powerful  poison.  When  the  vapour  is  in- 
haled even  in  small  quantities  it  produces  stupor,  and  its 
physiological  action  appears  to  be  similar  to  that  of  conine, 
CgH^N,  the  poisonous  principle  of.  the  hemlock ;  but  its  action 

*  Jount,  Cham,  Am.  L  so.  *  Jmtrn.  Prakl.  Chem.  {S],  xxU.  Ml-. 
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ia  even  more  powerful  than  that  of  tbia  alkaloid,  from  which 
it  differs  in  composition  by  the  replacement  of  one  atom  of 
hydrogen  by  the  elements  of  cyanogen.  Hence  it  ia  perhaps 
eonine  cyanide,  CgHj^(CN)N  (v.  Meyer). 


SECONDARY  PROPYL  ALCOHOL,  (CHa).CHOH. 

360  This  compound,  also  termed  isc^rojrtfl  cdcohol,  was  obtained 
first  by  Bertbelot,'  in  1855,  by  combining  propylene,  CjHj,  with 
sulphuric  acid  and  distilling  (he  propyl  sulphuric  acid  thus 
obtained  with  water.  At  that  time  no  isomeric  alcohols  were 
known,  and  it  was  therefore  assumed  that  Bertbelot's  alcohol 
was  identical  with  that  first  obtained  from  fusel  oil. 

Friedel  >  then  obtained  a  substance  baviog  the  composition 
of  propyl  alcohol  by  the  action  of  sodium  amalgam  and  water 
on  acetone  or  dimethyl  ketone  (CH,),CO ;  and  Kolbe  *  gave  it 
as  his  opinion  that  this  must  be  the  first  member  of  the  series 
of  secondary  alcohols,  the  possible  existence  of  which  he  had 
already  predicted  (see  p.  1S2),  and  stated  that  this  body  on 
oxidation  would  be  found  again  to  yield  acetone,  and  this 
on  being  put  to  the  test  of  experiment  by  Friedel*  was  actually 
the  case. 

A  year  before  this,  Erlenmeyer  bad  obtained  a  compound 
having  the  composition  of  propyl  iodide  by  beating  glycerine 
with  hydriodic  acid.  Further  examination  showed  that  this 
belongs  to  the  series  of  secondary  compounds,^  and  Bertbelot 
proved  that  this  is  the  case  with  the  alcohol  obtained  &t>m 
propylene.' 

In  order  to  prepare  isopropyl  alcohol,  glycerine  is  distilled 
with  an  excess  of  fuming  hydriodic  acid  with  addition  of 
amorphous  phosphorus,  when  allyl  iodide  is  first  obtained, 
according  to  the  following  equation : 

C,H(COH),  +  8 IH  =  CjHJ  +  3  HjO  +  Ir 
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This  ia  then  converted  into  secondary  propyl  iodide'  by  the 
excess  of  bydriodic  acid. 

CH,  CH, 

CH       +    2HI    -    CHI    +    I, 


CHjI  CH, 


The  addition  of  the  phosphorus  eerres  for  the  purpose  of  at 
once  converting  the  iodine  which  is  set  &ee  into  hydriodic 
acid. 

The  iso-alcohol  can  be  prepared  from  the  iodide  in  a  variely 
of  ways.  In  the  first  place,  propyl  acetate  can  be  obtained 
by  heating  the  iodide  with  acetic  acid  and  potassium  or  lead 
acetate,  and  this  is  easily  converted  by  caustic  potash  into  the 
alcohol.  Secondly,  the  iodide  may  be  heated  with  lead 
hydroxide  and  water  in  connection  with  a  reversed  condenser;  * 
or,  again,  it  may  be  simply  heated  with  twenty  times  its  weight 
of  water  for  forty  hours  to  100°.'  On  distilling  the  product 
obtained  by  one  or  other  of  these  processes,  aqueous  isopropyl 
alcohol  is  obtained,  and  this  can  be  rendered  anhydrous  in  the 
usual  manner. 

Isopropyl  alcohol  is  a  mobile  liquid  possessing  a  slightly 
spirituous  smell,  boiling  at  83* — 84°,  and  having  a  specific 
gravity  at  15"  of  0791.  It  forms  with  water,  the  hydrate 
2C,HgO  +  Hfi.  boihng  constantly  at  80',  and  having  the  same 
percentage  composition  as  ethyl  alcohol  (Erlenmeyer).  Accord- 
ing to  Linnemann,  other  hydrates  exist,  namely,  3C,HgO  + 
2HgO,  boiling  at  78°— 80°,  and  SCjHgO  +  H,0,  boiling  at 
81°— 82°.* 

Isopropyl  Oxide  or  Di-isopropyl  Ether,  (CgH^)jO,  is  formed  by 
the  action  of  silver  oxide  on  the  iodide.  It  is  a  liquid  boiling 
between  60°  and  62°,  and  possessing  a  smell  of  peppermint 
(Erlenmeyer). 

Itopropyl  Chloride,  C3H,C1,  is  easily  formed  by  heating  the 
alcohol  with  hydrochloric  acid,  or  the  iodide  with  corrosive  sub- 
limate. It  boila  at  34° — 36°,  and  has  a  specific  gravity  at  0* 
of  0  874  (Linneman). 

Isopropyl  Sromide,  CgH^Br,  is  best  obtained  by  acting  upon 

■  Huwell  SimpaiHi,  Proe.  Say.  8oc.  xU.  GSS. 

■  Flawitiky,  LtAigi  Aim.  cIixt.  SSO. 

>  Kiederitt,  ib.  cluzrii  S91.  *  An*.  Cheok.  Pkarm.  axzzri.  U. 
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tiie  iodide  with  bromine.  It  boils  between  61'  and  63°,  and  at 
13°  baa  a  specific  gravity  of  1320  (Linnemann). 

Tbe  remarkable  conTeraion  of  the  primary  into  the  secondary 
bromide  by  contact  with  aluminium  bromide  has  already  been 
mentioned.* 

hopn^l  Iodide,  C,H^I.  The  preparation  of  this  compound 
has  already  been  described.  It  boils  at  89°,  and  has  a  specific 
gravity  at  0°  of  1*735  (Erlenmejer).  It  has  already  been  stated 
that  this  iodide  can  be  readily  converted  into  propane,  which 
may  in  its  turn  be  transformed,  at  any  rate  partially,  into  the 
primary  chloride.  It  is  thus  seen  that  it  is  possible  to  pass 
&om  the  secondary  compounds  to  the  primary  series,  and  vice  versd. 

Isiypropyl  Nitritt,  C^H^NOj,  is  formed,  tt^tber  with  secondaiy 
nitro-propane,  by  the  action  of  silver  nitrite  on  the  iodide.  It 
is  an  easily  inflammable  liquid  which  boils  at  45°.' 

Itopropul  Nitrate,  CjHjNOj,  was  obtained  by  Silva  by  acting 
with  isopropyl  iodide  upon  silver  nitrate.  It  is  a  liquid  boiling 
at  101° — 102°,  and  having  at  0°  a  specific  gravity  of  1'054.  It  is 
easily  inflammable,  burning  with  a  white  luminous  flame,  and 
its  superheated  vapour  explodes  violently  when  ignited. 

Igopropyl  Borate,  B(0C3H^)g,  is  obtained  by  heatir^  the  alcohol 
with  boron  trioxide  to  110° — 120°.  It  is  a  mobile  liquid,  resem- 
bling 4thyl  borate,  and  boiling  at  140°.' 

laopropyl  Acetate,  CjH,.0CjH^O,  is  a  hquid  possessing  a 
■mell  resembling  acetic  ether,  and  boiling  at  90° — 93°. 

COMPODKDS  OP  ISOPBOPTL  WITH  SULPHTO. 

361  These  are  obtained  byprocesses  similar  to  those  described 
under  the  corresponding  ethyl  compounds.  The  mercaptan, 
CgHjSH,  boils  at  45°,  and  the  sulphide,  {(3fi^)^,  at  105°. 
This  Utter  forms  with  mercuric  chloride  the  compound 
(CjH,)jS,H^C]^  crystallizing  in  white  needles.* 

COMPOUKDS  OF  ISOPBOPTL  WITH  NlTEOGEN. 

36a  Isopropylamine,  CjHjNH^  is  formed  by  the  action  of  am- 
monia upon  the  iodide'  or  nitrate,*  or  by  the  action  of  hydrochloric 

■  EeknU  and  Schrotter,  Ber.  Deulxh.  Chem.  Oct.  liL  2S79. 

"  SUvm,  Bvii.  Soc.  Chim.  liL  227  ;  V.  Meyer,  Ann,  Chtm,  Phant.  oliii  M. 

■  Connclcr,  Ser.  Deuiteh.  C/ma.  (Je».  li.  1107.  *  Henrj',  ib.  iL  W4. 

*  Bierach,  Ann.  Chem.  Pharm.  cllviji,  Sfll. 

*  Biln,  SuU.  Soc.  Ckim.  xlL  238. 
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add  on  isoproprl  carbamine.  It  is  a  mobUe  liquid,  which  has  a 
sharp  charactenstic  smell  resembling  hening-briDe.  It  boilB 
at  81'-5— 32"-5,  and  at  18°  has  a  spedfic  gravity  of  0-690. 

Di-i3opropylam.i7U,  (C(H,),NH,  boils  at  83°'5— 84',  and  hu 
a  specific  gravity  of  0722  at  22°, 

Trir^propj/lamint  has  not  yet  been  obtained  in  the  puis 
state. 

laopTOpyl  Carbamine,  CN.C^,,  is  formed  by  heating  the  iodide 
with  silver  cyanide.  It  is  a  liquid  boiling  at  87°,  and  possesBing 
an  ether«sl  smell  which  afterwards  becomes  offensive  sod 
bitter.* 

Itopnpyl  Cj/anat*,  CgH^OCN,  is  a  liquid  boiling  at  Ti'S,  and 
possessing  at  0°  a  specific  gravity  of  0'8897,  whilst  that  c^  the 
vapour  is  2-944.' 

Isopropt/l  ThuictfaneUe,  CgH^SCN,  is  formed  by  heating  the 
iodide  with  potassium  ttuocyanate,  and  is  a  liquid  ] 
alliaceous  smell  and  boiling  at  14'9'' — 151°  (Henry). 


NlTEO-CoMPOXJKDS  OF  IsOPROPTL. 

363  Steondary  Nitropropane,  or  Reudonitrcpropane, 
(CHg),GHNO„  is  formed,  together  with  isopropyl  nitrite,  by  act- 
ing with  the  iodide  on  silver  nitrite.  It  is  a  liquid  resembling 
primary  nitropropane,  but  boiling  atll5° — 118°,  and  being  a  litUe 
heavier  than  water.  Heated  with  alcoholic  soda,  the  ciTStalllna 
compound  (CH3)jCNaK0,  separates  out,  and  this  deflagrates  on 
heating.  It  deliquesces  on  exposure  to  moist  air,  and  its 
solution  gives  precipitates  with  the  various  metallic  salts.' 

If  pseudouitropropane  be  dissolved  in  an  equivalent  quantity 
of  strong  caustic  potash,  and  the  requisite  amount  of  hromioe 
added,  brompseudonitropn^Tu,  (CHJ,CBrNOj,  separates  out. 
This  is  a  heavy  powerfully  refracting  oily  liquid,  which  possesses 
a  very  strong  smell  and  boils  at  148° — 150°,  and  does  not  possess 
acid  properties. 

Pro^lptoidoniirol,  (CHg)jC(NO)NOj.  In  order  to  prepare 
this  compound,  pseudonitropropane  is  dissolved  in  caustic  potash, 
rather  more  than  one  molecule  of  potassium  nitrite  in  aqueous 
solution  added,  and  a  slow  stream  of  dilute  sulphuric  acid  allowed 
slowly  to  flow  into  this  mixture,  the  whole  being  cooled.     The 

>  Ompl.  Jtend.  Ixrii.  728  ;  jimt.  Chem.  i^onii.  exliz.  16& 

■  SilTK,  Diet.  CMm.  UL  lES  (Itc  ml.). 

*  V.  Uerer,  Aim.  Cltem.  PKamt.  dzzL  S». 
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liquid  eooQ  becomes  of  a  fine  bine  colour,  and  the  nitrol  separates 
out  as  a  solid  mass  insoluble  in  water,  alkalis,  and  acids.  It  is 
slightly  soluble  in  cold  alcohol  and  chloroform,  but  readily  so 
when  warmed,  giving  rise  to  a  pure  blue-coloured  solution,  from 
which  the  compound  separates  out  on  evaporation  in  transparent 
ciystals  resembling  those  of  calc-spar,  but  belongit^  to  the 
monoclinic  system.^ 

Propylpseudonitrol  melts  at  76°,  forming  a  blue  liquid  which 
on  rapid  cooling  again  solidifies,  but  decomposes  when  heated 
for  some  time  with  evolution  of  red  fumes,  another  product, 
ff-dmitrc^rropane,  (CHj),C(NO])(,  being  formed.  This  is  also 
produced  when  the  pseudonitrol  is  treated  with  a  solution  of 
chromium  trioxide  in  glacial  acetic  acid.  This  body  is  slightly 
soluble  in  water  and  dissolves  readily  in  alcohol,  forming  bright 
white  translucent  ciystals  which  closely  resemble  camphor.  They 
melt  at  53°,  and  volatilize  easily  even  at  the  ordinary  tempera- 
ture, as  well  as  ia  presence  of  aqueous  vapour,  although  the 
body  does  not  boil  until  ISSN'S.  It  does  not  possess  acid  pro- 
perties, and  when  treated  with  tin  and  hydrochloric  acid  yields 
acetone  and  hydrozylamine : 

CH,  CH, 

C<^g«     +    *H,    =     io    +    2N(0H)H,-t-H,0. 

CH,  CH, 


Compounds  of  Isopbopyl  wnn  Phosphobus.* 

364  Isopropyl  I^wsphine,  (CgHj)PHj,  is  a  strongly  re£racting 
liquid,  possessing  a  penetrating  smell,  boiling  at  41°,  and  taking 
fire  at  the  summer  temperature  on  exposure  to  air.  Its  vapour 
haa  a  specific  gravity  of  2'673.  When  oxidized  with  nitric  acid 
iat^T<^l  pkoaphinie  acid,  CgHjPO(OH)j,  is  formed.  This  is  a 
solid  paraffin-like  mass,  which  melts  at  60° — 70°. 

JH^x^propylpKogphine,  (C(H,)gPH,  boils  at  118°,  possesses  an 
intense  phospfaine  smell,  and  is  much  more  readily  ignited  than 
the  forgoing  compound.  If  a  drop  be  brought  on  to  filter-paper 
it  inflames  at  once,  and  bums  wiUi  evolution  of  a  dense  white 
luminous  vapour  without  igniting  the  paper. 
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Tri-iaopropt/lpho^ine,  (CgH,)jP.  closely  reaemblea  the  corre- 
sponding ethyl  compound,  and  forms  a  crystalltne  bydriodide. 
It  likewise  yields  with  carbon  disulphide  fine  red  crystals,  and 
also  nmtes  with  sulphur,  but  the  compound  thus  formed  is  not 
crystal]i])& 

tetra-iKpropj/tphogAmiitm  Iodide,  F(CJQ,)  J,  ayBtallizes  from 
water  in  cubes  or  octobedrons. 


ACETONE,  OR  DIMETHYL  KETONE, 

365  lu  early  times  it  was  noticed  that  when  sugar  of  lead  is 
subjected  to  dry  distillation,  a  peculiar  liquid  is  formed  which 
Uluvius  termed  the  quintessence  of  this  salt.  Boyle  supposed 
thai  it  is  formed  from  the  vinegar,  this  giving  up  some  of  its 
constituents  to  the  lead.  He  also  noticed  that  when  potasstnm 
acetate  is  distilled,  a  spirituous  liquid  possessing  a  strong  smell 
and  taste  is  formed.  Bocher,  who  first  observed  the  inflam- 
mability of  the  substance  obtained  from  sugar  of  lead,  thought 
that  the  apiriiua  uTdens  was  in  iact  spirit  of  wine  which  had 
been  regenerated ;  and  Lemery,  as  well  as  Stahl,  believed  that 
vinegar  is  a  compound  of  spirit  of  wine  and  acid,  the  former 
being  carried  away  with  the  acids  into  the  pores  of  lead,*  and 
the  latter  beir^  held  back  by  the  metal  during  the  process  of 
distillation.  The  difference  between  this  combustible  spirit  and 
alcohol  was  first  pointed  out  by  Boerbaave  in  1732.  After  bis  time 
the  body  was  but  little  investigated  until  1805,  when  Tromms- 
dorff  stated  that  on  distilling  acetate  of  potash  or  soda  a  liquid 
was  obtained  which  stands  between  alcohol  and  ether.  Two 
years  later  the  brothers  Derosnc,  in  Paris,  examined  the  liquid 
which  was  obtained,  mixed  with  acetic  acid,  in  the  distillation  of 
acetate  of  copper,  and  as  the  liquid  appeared  to  them  closely 
to  resemble  the  various  compound  ethers,  they  termed  it  AAer 
fyroae&ique,*  Lastly  Cheneviz  found,  in  1809,  that  the  same 
compound  is  obtained  when  any  one  of  the  acetates  is  distilled, 
and  he  gave  to  it  the  name  of  pyroacetic  spirit,  and  believed 
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that  it  contained  less  oxygen  than  acetic  acid.^  Yarioos  other 
chemists  also  worked  upon  this  subject.^ 

The  correct  composition  of  the  compound  we  now-  term 
acetone  was  first  given  by  Liebig'  and  Dumas.*  Kane'  investi- 
gated  it  carefully,  and  came  to  the  conclusion  that  it  was  an 
alcohol,  giving  to  it  the  name  of  mesityl  alcohol.  Chancel,' 
on  the  other  hand,  believed  it  to  be  a  copulated  compound,  and 
having  the  formula  C,H,0,CH^ 

After  Williamson  had  ascertained  the  constitution  of  the 
ketones,  acetone  was  looked  upon  as  being  methyl  acetyl,  or 
aldehyde  (acetyl  hydride)  in  wbtch  one  atom  of  hydrogen  had 
been  replaced  by  methyl  This  view  was  corroborated  by  the 
synthesis  of  acetone,  accomplished  by  the  action  of  zinc-methyl 
OD  acetyl  chloride,  a  reaction  suggested  by  Chiozza,'  but  carried 
out  by  Freund.'  As,  however,  the  radical  acetyl  itself  may  be 
considered  to  be  composed  of  the  groups  carbonyl  and  methyl, 
the  present  view  respecting  the  composition  of  acetone,  as  also 
of  all  ketones,  is  that  these  are  compounds  of  two  alcohol- 
radicals  with  carbonyl.  A  further  corroboration  of  this  view 
was  given  by  Wanklyu,*  who  observed  that  propione,  or  diethyl 
ketone,  is  formed  by  the  action  of  carbon  monoxide  on 
sodium-ethyl. 

It  has  already  been  stated  that  acetone  is  formed  by  the  dry 
distillation  of  the  acetates.  According  to  Liebig,^*'  the  barium 
Bait  is  best  suited  for  this  purpose,  as  it  decomposes  at  a  com- 
paratively low  temperature,  and  hence  the  formation  of  tarry 
products  which  occurs  when  the  calcium  or  the  lead  salt  is  used 
is  avoided. 

Acetone  is  also  formed,  together  with  other  products,  when  the 
vapour  of  acetic  acid  is  passed  throi^h  a  red-hot  tube : 

2  CH,.CO.OH  -  CH^  CO.CH,  +  CO,  +  H,0. 

It  is  likewise  formed  by  acting  on  aldehyde  with  heated  caustic 
potash,"  as  well  as  by  the  dry  distillation  of  the  following  sub- 
stances together  with  lime,  viz.  citric,  tartaric,  and  lactic  acids, 
sngw,  gum,  starch,  &c 

'  ITfcbolMiii'a  Jmtm.  xxri  SSS,  340. 

*  Uacaire  uid  Uaicet,  £tt.  Univ.  zxiv.  126 ;  Qtiart.  Journ.  3ei*nee,  xrii.  1T1 ; 
lktt«ncel.  An*.  CAtm.  nyt.  [S],  zItL  42B. 

■  Ann.  Pharm.  L  2SS.  '  Ann.  Ckim.  Phyt.  [S],  xItu.  20!. 

■  Fogff.  Ann.  zliv.  47S  ;  Tram.  IriA  Acad,  zviii.  134  (1838). 

*  Compt.  Send.  xx.  1590.  ^  .^nn.  Chem.  I^arm.  Izxn.  283, 

*  Jb.  cZTiiL  1.  ■  Phil.  Mag.  [4],  lui  COS, 

**  Lac  oit.  u  ScUOmUch,  Zeitteh.  Chun.  lSfl9,  tStt 
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It  is  contained  in  large  quantity  in  the  products  of  the  diy 
distillation  of  wood,  and  i^  obtained  from  this  on  the  lai^e  scale 
(see  p.  196;.  It  was  also  formerly  obtained  as  a  by-product  in 
the  preparation  of  aniline,*  by  the  action  of  aoetic  acid  and  iroo 
on  nitrobenzol  and  tbe  distillation  of  the  product  with  lime. 
At  present,  however,  hydrochloric  acid  is  used  in  place  d 
acetic  acid,  and  the  crude  aniline  contains  no  acetone. 

Acetone  is  found  in  the  urine  in  cases  of  dicAttes  nuUtfiu.' 
Geuther  believes  that  in  these  cases  it  is  derived  from  the 
decomposition  of  aceto-acetic  acid,'  but  this  baa  not  been 
proved. 

Properties, — Acetone  is  a  colouriess  mobile  liquid,  possessing 
a  penetrating,  refreshing,  ethereal  smell  and  a  burning  taate. 
It  boils  at  56°'3  (Begnault),  and  has  a  specific  gravity  at  0°  of 
08144  (Kopp),  that  of  its  vapour  being  2002  (Dumas).  It  is 
soluble  in  water,  and  acts  as  a  solvent  for  many  other  carboa 
compounds,  such  as  fats,  re^ns,  camphors,  &c. 

When  shaken  with  a  concentrated  solution  of  hydrogen  sodium 
sulphite,  acetone  deposits  the  compound  CjHjO+NaHSO„  in 
pearly  scales,  easily  soluble  in  water,  and  less  so  in  alcohol.  Tbe 
sulphites  of  potassium  and  ammonium  form  similar  componnds. 
This  process  may  be  employed  for  purifying  acetone,  the  ciystab 
being  distilled  with  potash. 

366  MonoehloraceUnu,  CH,.CO.CHjCl,  was  first  prepared  by 
Biche,*  by  the  electrolysia  of  a  mixture  of  acetone  and  hydrochloric 
acid,  and  then  more  fully  investigated  by  Linnemann,'  who 
obtained  it  by  acting  with  hypochlorous  acid  in  pesence  of 
mercuric  oxide  on  monobrompropylene,  CB^  — CBrizCHf.  It 
is  also  formed  when  pure  acetone  is  treated  with  chlorine,  hut 
not  to  saturation,'  as  well  as  by  the  action  of  sulphuric  add 
on  dichlorglycide,  CHClj-CCl^CH,''  (see  Glycerin).  It  is  a 
strongly  smelling, pungent,  caustio liquid.  It  boils  at  II 9° — ISO", 
and  at  16*  has  a  specific  gravity  of  I'16,  that  of  its  vapour  being 
3*13.  When  brought  in  contact  with  potassium  iodide,  vtOKh 
iodoaeeUme,  CHj.CQ.CHjI,  is  formed,  a  heavy  oily  liquid  whicli 
cannot  be  distilled  with(»it  dacompoeition. 

>  0.  Willkm*,  Ckein,  Neut,  ii.  SSI. 

*  Pettera,  £>iilich,  uid  Betx,  Sckmidt,  Jalufb.  Oa.  Med.  cxiL  116 ;  Mufcowii. 
koff,  Lidn^t  Alt*,  clitiii.  3B2. 

'  ZeUtch.  Clum.  18S8,  6.  '  Coo^  AimL  xlix.  171 

*  AnM.  Chem.  Pharm.  rnriT.  170 ;  cxnriiL  122. 

*  QIdU  (Dd  Fiacher,  /mint.  FntJa.  Chem.  [2],  it.  G2  ;  Biachoff.  Str.  DtKliA. 
Okmn.  Oct.  T.  863,  S63  ;  Unlder,  ii.  1007.  '  Hewj,  H.  MS- 


q,t,7c-nbyG00<^IC 


CELOR&CETONE&  671 

DitMoraeetone,  C,H^CI,0,  exists  in  two  laomeric  conditions; 
the  one  obtained  \>j  Liebig  and  Kane,  and  termed  by  the  latter 
chemist  meaUchlorai,  was  afterwards  investigated  by  Fittig,*  It  is 
formed  when  acetone  is  saturated  with  chlorine  or  when  potas- 
sium chlorate  is  added  to  a  solution  of  acetone  in  hydrochloric 
acid*  The  crude  dichloracetone  is  a  veiy  caustic  body,  possess- 
ing a  pungent  smell,  due,  however,  to  an  impurity.  When 
purified  by  repeated  fractional  distillation  it  is  obtained  in 
the  form  of  a  pleasantly  ethereal  smelling  liquid,'  boiling  at 
120°,  this  is,  singularly  enough,  at  the  same  temperature 
at  which  monochloracetone  boils.  It  has  a  specific  gravity  of 
1*236  at  21°,  and  its  vapour  den^ty  is  4*32. 

The  constitution  of  dichloracetone  is  represented  by  the  for- 
mula CH,.CO.CHCly  for  an  isomeric  compound  is  obtained  by 
oxidizing  dichlorhydrin  (dichlorisop^yl  alcohol),  CH,CI.CH 
(O^.CHjCl,  and  accordingly  has  the  following  constitution, 
CHjCLCO.CHjCL  It  is  a  solid  body,  ctystalUring  in  long 
needles,' fusing  at  43*.  The  Uquid  boils  at  170' — 171°,  but  eva- 
porates at  the  ordinary  temperature.  It  possesses  an  excessively 
pungent  odour,  the  vapour  attacking  the  eyes  violently.* 

Trichloraeetoru,  CgH,Cl,0,  was  first  prepared  by  Bouis,'  by 
the  action  of  chlorine  on  a  mixture  of  acetone  and  wood-spirit. 
EriUner*  afterwards  obtained  it  by  treating  a  mixture  of  acetone 
and  isobutyl  aldehyde  with  chlorine.  It  is  also  formed,  accord- 
ing to  BischoiF,  when  moist  chlorine  is  led  into  warmed  acetone 
in  presence  of  sunlight.  It  boils  at  170° — 172°,  possesses  a  sharp 
smell,  and  yields,  with  water,  the  hydrate,  C,H,C1,0  +  2H,0, 
crystallizing  in  fine  tables  which  melt  at  43°.  When  mixed  with 
aniline  and  caustic  potash  an  intense  smell  of  phenyl  carbamine 
is  produced,  and  hence  the  constitution  of  the  substance  is 
CH,.CO.CClg  or  methyl-chloral. 

TttrachloTacetone,  CtHjCl^O,  is  produced  by  the  action  of 
chlorine  on  a  mixture  of  acetone  and  ethyl  alcohol.  It  is  a 
liquid  possessing  a  very  strong  and  irritating;  amell,  and,  when 
thought  in  contact  with  water,  it  yields  the  crystalline  hydrate 
CjHjCl^O  -I-  4H,0,  meltingat  38°— 39'.  As  this  also  gives  the 
carbamine  reaction  it  possesses  the  formula  GHjCLCO.CCl,. 

*  Aint.  CAem.  Jftorm.  «z.  3S.  *  Stidelar,  ib,  ezi.  277. 

*  Boncha  and  Fittig,  AiM,  Chtm.  Fharvi.  ■•^^•'"i  111. 

*  VbAaw^ikafl,  Ber.  DeutaA.  C%nn.  (?«>.  tv.  E62;  vL  1310;  GlntxandFlKheT, 
Jount.  Pratt.  Chem.  [2],  ir.  SS ;  Von  HosmuiiD,  Btr.  DeuitA.  CMan.  Ota.  xiil 
13M. 

*  .^rni.  Ca*».  nyt.  [81  nl.  111.  *  Btr.  DatfA.  Cheat.  Ott.  rii.  257. 
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Fteniachloraatme,  CHClyCO.CCl^  has  not  been  obtained  u 
yet  from  acetone,  but  it  can  be  prepaied  by  tbe  action  of  chlorine 
on  quinic  acid  and  other  aromatic  componads,  as  well  u  on 
albuminoid  bodies  and  other  subetances.  It  is  a  mobile  liquid 
boiling  at  190*  and  possessing  a  sharp  taste,  and  a  smell  resem- 
bling that  of  chlorine.  It  forms  a  hydrate,  C,HC1,0  -t-.4H,0, 
which  melts  at  15° — 17°.^ 

Sexchloraceione,  CClj.OO.CCl,,  is  formed  by  the  action  of 
chlorine  on  an  aqueous  solution  of  citric  acid  exposed  to  the  sun- 
light. It  is  an  oily,  pungent  smelling  liquid,  boiling  at  200°— 201', 
and  forming  with  water,  at  6",  the  hydrate  C,C1,0  +  H,0, 
which  decomposes  at  15*.* 

Various  bromine  and  iodine  subatitution-products  of  acetone 
are  also  known. 

IfHroto-acetotu  is  produced  by  the  action  of  potassium  nitrite 
on  an  alkaline  solution  of  aceto-acetic  ether  which  is  adMed 
with  sulphuric  acid  and  then  saturated  with  potash.  .After  some 
days  dilute  sulphuric  acid  ia  added,  and  the  compound,  is  ex- 
tracted with  ether.  It  is  a  product  of  decomposition  of  the  com- 
pound uitro-aceto-acetic  acid  which  will  be  described  further  tm : 

CH,.CO.CH(NO).CO.OC,H,  +  HjO  -  CH,.CO.CH,CN0)  -I- 
CO,  +  HO.CjHj. 

Nitroso-acetone  is  easily  soluble  in  water,  and  crystallizes  in 
glistening  tablets  or  prisms,  which  melt  at  65°,  and  decompose 
easily  at  a  higher  temperature,  but  may  be  volatilized  in  i 
current  of  steam.  It  is  an  acid  which  dissolves  in  alkalis  wi^ 
formation  of  a  de^  yellow  colour.* 


CONDENSATION-FBODncra  OF  ACBTONB. 

367  Acetone  forms  a  series  of  condensation-products.  Some 
of  these  have  been  known  for  a  long  time  and  have  been  invesU- 
gated  by  various  chemists.  We  shall  here  describe  only  the 
better  known  of  these  bodies.  Hygr03c<^ic  agents  give  rise  to 
tbe  following  compounds : 

Mesityl  oxide     .    .     ,     C.H^O. 

Phorone C^„0. 

Mesitylena    ,     .     ,     ,     CgH^. 
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Of  these,  the  least  is  a  trimeth^l-benzol,  and  will  be  described 
later  on. 

Memtyl  Oxidt,  C^Hi^O.  This  body  ttos  discovered  in  1838 
by  Kane.*  He  obtained  it  by  acting  on  acetone  with  sulphuric 
add  or  hydrochloric  acid.  The  latter  mode  of  preparation  is 
lecfHmnended  by  Baeyer  *  as  the  best.  Acetone  is  saturated  in 
tiie  cold  with  this  gas,  and  then  allowed  to  stand  for  some  weeks, 
and  the  product  afterwards  washed  with  water  and  caustic  soda. 
It  is  distilled  in  a  current  of  steam,  and  the  distillate,  which  sUU 
contains  chlorine,  treated  with  a  small  quantity  of  alcoholic 
potash  and  mesityl  oxide  and  phorone  obtained  firom  the  washed 
and  dried  product.' 

Mesityl  oxide  is  a  mobile  liquid  smelling  of  peppermint, 
boiling  at  132°,  and  acting  like  acetone.  On  oxidation  it  yields 
acetio  acid,  and  when  treated  with  phosphorus  pentachloride 
yields  a  heavy  liquid  dichloride,  C,H„Cly  which  decomposes  on 
heating.  It  combines  with  bromine  to  form  the  compound 
C,H,oBrjO,  resembling  the  foregoing  compound.  When  heated 
with  dilute  sulphuric  acid  it  decomposes  with  assumptioa  of  water 
into  two  molecules  of  acetone. 

From  these  facts  it  would  appear  that  mesityl  oxide  possesses 
tiie  following  constitution : 
CH, 

^C  =  CH-CO-CH-. 
CH, 

I^unvtu,  C,Hj,0,  crystallizes  in  large  yellow  prisms,  which 
melt  St  28'  and  boil  at  190° — 191°.  It  possesses  a  smell  some- 
what like  that  of  geranium  and  not  unpleasant,  producing  in 
many  persons  headache  and  sickness.  In  its  chemical  jxxiperties 
it  resembles  mesityl  oxide.  It  is  converted  by  oxidation  into 
acetic  acid,  and  bromine  converts  it  into  the  tetrabromide, 
C,HjfBr^O,  which  crystallizes  from  alcohoUc  solution  in  colour- 
less transparent  flat  monoclinic  prisms  which  melt  at  88° — 89°. 

When  boiled  with  dilute  sulphuric  acid  it  decomposes  first 
into  acetone  and  mesityl  oxide ;  its  constitution  may,  therefore, 
be  represented  by  the  following  formula,  and  this  is  corroborated 
by  its  formation  from  triacetooamine  (see  p,  574) : 

gJjV)  =  CH  -  CO  -  CH  -  C<^ 

r.  4T«. 
a.  cUxz.  t. 
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Acetone  Bases. 


368  According  to  Stideler/  the  base  aedonine,  CgHuK^  is 
formed  when  a  mixture  of  ether  and  acetone  ia  saturated  witb 
ammonia  at  100°.  Heintz  states  that  this  hase  does  not  exirt. 
He  obtained  a  series  of  different  bases '  which  have  also  been 
investigated  by  Sokoloff  and  Latachinoff.*  These  bases  may  be 
separated  by  means  of  their  platinum  double  chlorides. 

Diac^namine,  CjH^NO,  is  a  colourless  liquid,  difficult  to 
obtain  in  a  pure  state,  as  it  partially  decomposes  on  dbtiUation 
into  ammonia  and  mesitjl  oxide.  With  acids,  it  forms,  however, 
a  series  of  stable  salts  which  crystallize  well.  When  it  \s 
treated  with  potassium  nitrite,  mesityl  oxide  is  formed,  whilst 
sodium  amalgam  yields  diacHone  alkamine,  C^HjjNO,  a  liquid 
possessing  a  slightly  ammoniacal  smell,  and  boiling  at  174°— 175*. 

Diacetonamine  probably  possesses  the  following  constitutional 
f(mnu]a: 

CH, 

HjN— C-CH,  -  CO  -  CHy 

CH, 

This  is  rendered  more  likely  by  the  fact  that  on  oxidation 
it  yields  amidodimethyl  acetic  add  and  amidodimethyl  propionic 
acid. 

Triaceitmamine,  C^i7N0,  separates  out  as  a  hydrate,  C,H,,NO 
+  H,0,  on  addition  of  caustic  soda  to  the  oxalate,  and  this  ctys- 
tallizes  from  ether  io  large  rhombic  tables  which  melt  at  58°. 
The  anhydrous  base  is  obtained  ftom  the  mother-liquors  in  the 
form  of  long  needles  which  melt  at  34'''6. 

Triacetonamine  volatilizes  easily  at  the  ordinary  temperature, 
and  can  be  distilled  without  decomposition.  Its  salts  are  also 
very  stable.  By  the  action  of  potassium  nitrite  on  the  neutral  solu- 
tion of  the  hydrochloride,  niiroaotriacdonamiTU,  C,Hjg(NO)NO,  ' 
ia  obtained,  and  this  substance  is  easily  soluble  in  aJcobol  and 
hot  water,  crystallizing  in  needles  which  melt  at  72° — 73*.  When 
warmed  with  caustic  potash,  phorone  is  produced. 

>  A*».  Chtm.  Fkonti.  czi.  277. 

*  Aim.  Chtm.  Pkarm.  oliziT.  133  ;  clxrviiL  306,  S2S ;  clizxL  70 ;  dxniiL 
270,  S90 ;  clzzxix.  31i ;  cici.  122  ;  eieii.  SS0 ;  cKcir.  G3 ;  ezcriiL  43. 
■  Ser.  DniiiA  Chan.  Ott.  vii.  138*. 
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When  triacetonamine  is  treated  with  Bodium  amalgam  and 
irater,  triaeeUnuUkami'M,  C^uNO,  is  produced;  this  crystal- 
lizes from  hot  water  in  pyramids  which  easily  volatilize,  melt  at 
12S°-S,  and  have  a  sweet  bumiog  taste. 

TriacetOBfliaine  on  oxidation  yields  the  dibasic  imidodimethyl- 
acetodimethyl-propionica(dd,  CjH.^J^'N'H.){COjB)j.  From  this  fact, 
and  from  the  other  reactions  of  the  base,  the  following  constitu- 
tion may  be  deduced : 

Other  compounds  belonging  to  this  class  have  been  prepared 
by  Heintz.  For  their  description  the  memoirs  already  cited 
must  be  referred  to. 
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COMPOUNDS  OF  FOUR  ATOMS  OF  CARBON, 
OR  THE  BUTYL  GROUP. 

369  Thesx  compounds  are  derived  from  the  following  paraffifw ; 

Butane.  babatane. 

CH,  -  CH,  -  CH,  -  OH^  OH,  -  CH<[g^ 

Four  alcohols  are  derived  from  these ;  from  butane,  in  Uie 
first  place,  one  ]mmary  and  one  secondary ;  and  secondly,  from 
isobutane,  one  primary  and  one  tertiary  alcohol  One  of  tliese 
was  discovered  by  Wurtz,  in  1852,  in  fusel  oil  from  potato  spirit, 
and  from  beetroot  molasses.  This  exhibits  a  striking  analogy  in 
its  reactions  with  common  alcohol,  and,  on  oxidation,  yields  an 
acid  which  has  the  composition  of  butyric  acid.  Hence  this 
alcohol  was  supposed  to  possess  a  constitution  analogous  to 
that  of  ethyl  alcohol,  especially  aa  at  that  time  even  the 
existence  of  isomeric  alcohols  was  not  dreamt  of  Still  its  low 
boiling-point  was  an  anomaly,  for  Hermann  Eopp  had  found 
that  in  the  homologous  series  of  alcohols,  for  every  increment 
of  CH^  the  boiling'point  rises  19°,  and  hence  butyl  alcohol 
ought  to  boil  at  116°,  whereas  various  olwervers  agreed  that  it 
boiled  constantly  at  108° — 109'.  In  1867  Erlenmeyer  found  that 
the  butyric  acid  got  by  this  oxidation  is  not  common  butyric, 
but  isobutyric  acid,  {0H,)jCH.0OjH,  a  body  which  had  been 
obtained  synthetically  from  secondary  propyl-iodide  by  con- 
version into  the  nitril,  and  thus  it  appeared  that  fermentation 
butyl  alcohol  is  derived  from  isobutane. 

A  second  butyl  alcohol  was  discovered  in  1863,  by  De  Luynes, 
and  to  it  be  gave  the  name  of  butylene  hydrate,  because  it  is  so 
easily  converted  into  butylene  and  water,  and  can  also  he  readily 
obtained  from  butylene.  This  was  soon  recognised  as  being  the 
secondary  alcohoL 
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About  the  same  time  Butlerow  prepared  the  tertiary  alcohol 
by  synthesis,  whilst  the  normal  primary  alcohol  was  first  pre- 
I»vred  by  Lieben  and  Rossi,  in  1869,  by  the  reduction  of  butyric 
acid. 


NORMAL   BUTANE    AND    ITS    DERIVATIVES. 

370  Butane  or  Tetrane,  G^i^  was  first  prepared  by 
Fraokland  in  1849,  by  acting  with  zinc^  or  mercury*  on 
ethyl  iodide.  He  termed  it  tthyl,  a  name  which  was  after- 
wards changed  to  diethyl  in  order  to  distinguish  it  from  butyl 
hydride,  which  Wurtz  had  obtained  &om  alcohol,  and  which,  as 
we  now  know,  is  isobutane. 

In  order  to  prepare  pure  butane,  ethyl  iodide,  dried  over 
phosphorus  pentoxide,  is  heated  in  se^ed  tubes,  with  the 
requisite  quantity  of  clean  zinc,  to  150'.  An  excess  of  this 
metal  must  be  avoided,  as  otherwise  zinc-butyl  would  be 
formed.  According  to  Schfiyen,*  the  zinc  is  best  employed  in 
the  form  of  thin  strips,  and  the  ethyl  iodide  mixed  with  its 
equal  volume  of  pure  ether.  After  the  mixture  has  been  heated 
to  100°,  the  point  of  the  tube  is  opened  in  the  flame  in  order 
to  allow  the  ethane  to  escape;  this  gas  being  formed  in  large 
or  small  quantity,  according  to  the  care  which  is  taken  in  drying 
tbe  materials.  The  tube  is  then  again  sealed,  and  heated  for 
several  hours  to  130* — 140°.  It  is  then  cooled  with  ice-water, 
and  the  point  opened,  when  a  mixture  of  ethane  and  ethylene 
is  evolved.  The  cold  water  is  now  removed,  and  the  reguUr 
stream  of  gas  which  is  evolved  collected  over  mercury.  The 
butane  thus  obtained  may  still  contain  small  quantities  of  the 
two  other  hydrocarbons,  as  well  as  of  ethyl  iodide.  This  latter, 
as  well  as  the  ethylene,  caa  be  removed  by  drying  the  gas 
with  a  coke  pellet,  saturated  with  fuming  sulphuric  acid.  Pure 
butane  is  obtained  after  washing  with  caustic  potash,  and  diying. 
It  may,  however,  still  contain  a  trace  of  ethane. 

Butane  occurs  in  American  petroleum  (see  p.  140),  and  it  is 
also  produced  when  butyric  acid  and  succinic  acid  are  heated 
with  from  twenty  to  thirty  times  their  weight  of  hydriodic  acid 

'  Jimm.  Chem.  Soe.  ii.  SS3  ;  ^wi.  Chan.  Pkarm.  liiL  171. 

■  Jmtn^  Chan.  Soe.  iii.  322 ;  Ann.  Chem.  Pharm.  lixrii.  221. 

■  .^im,  Chtm.  Pharni.  ezxx.  283. 
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for  some  hours  to  280'.'  Butane  is  a  colourless  gas,  whicli  cm 
easily  be  condensed  b;  cold  to  a  liquid,  which  boils  at  +  1°,  and 
has  a  spocific  gravity  of  0  6.  Under  a  pressure  of  2*25  atmo- 
spheres the  gas  liquefies  at  18°  (Butlerow).  The  spedfic 
gravity  of  butane  gas  is  2046.  It  is  almost  insoluble  in 
water,  whilst  absolute  alcohol  dissolves  at  14°-2,  and  under  it 
pressure  of  7448  miu.,  18'13  volumes. 

In  diffused  daylight  chlorine  acts  upon  butane  with  formation 
of  substitution-products,  amongst  which  butyl  chloride  occurs. 
This  compound  is,  however,  not  obtained  pure  in  this  way,  hut 
its  presence  is  ascertained  by  transforming  it  into  butyric  add 
(Sch&yen).  Carius  obtained  dibrombutane,  a  liquid  bojling 
between  155°  and  162°,  by  the  action  of  bromine  on  butane.* 


PRIMARY  BUTYL   COMPOUNDS. 

371  Primari/ Butyl  Alcohol,  Cfi^OH.  In  order  to  prepare  1^ 
compound  an  aqueous  solution  of  butjraldehyde  obtained  by 
distilling  a  mixture  of  calcium  formate  and  calcium  butyrate,  is 
treated  with  1  per  cent,  sodium  amalgam,  of  which  about  70 
times  the  volume  is  needed.  This  is  gradually  added,  the 
liquid  being  kept  slightly  acid  by  the  addition  of  dilute  mJ- 
phuric  acid.  The  whole  is  then  distilled,  and  the  alcohol  dried, 
first  over  ignited  carbonate  of  potash,  aad  then  over  caustic 
baryta,' 

In  the  above  method  of  preparing  the  aldehyde  a  not  in- 
considerable quantity  of  the  alcohol  is  formed,  a  part  of  the 
formate  being  decomposed  with  evolution  of  hydrogen.* 

Butyl  alcohol  is  also  formed  by  the  action  of  sodium  ftmalgam 
on  butyric  anhydride  diluted  with  butyric  acid.' 

(C^H^O),©  +  4  H,  -  2  C,H,OH  -1-  H,0. 

In  place  of  the  anhydride,  a  mixture  of  butyryl  chloride  and 
butyric  acid  may  be  employed ; '  but,  as  in  the  former  reaction, 
this  does  not  give  a  good  yield.  On  the  other  hand  it  is  formed, 
together  with  other  products,  in  tolerable  quantity,  byapeculiai 

■  Berihelot,  Bull.  Soe.  Chim.  rii  62. 

*  Ann.  Chim.  Phamt,  ezzTi.  21i. 

■  IJBben  uid  Rossi,  Atm.  Chein.  Fharm.  elviU.  137. 

*  PaglUai,  Ber.  Deuixh.  CheTn.  Ott.  x.  2055. 

*  liinnemann,  .^Nn.  Chem.  Pkarm,  clzL  180. 

*  BtjUttt,  Joum.  I'ralcL  Chan.  [2],  iiL  82. 
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fermeDtation  of  glycerin,^  brought  about  iif  tbe  presence  of  a 
Bchizomycetes.  It  has  also  been  found  in  the  fusel  oil  from 
potato  spirit.* 

Butyl  alcohol  is  a  highly  refracting,  somewhat  oily  liquid, 
possessing  a  peculiar  smell,  -which  excites  coughing.  It  boils 
at  117°,  and  bums  with  a  luminous  flame.  At  0°  it  has  a 
specific  gravity  of  08242,  and  dissolves  in  12  parts  of  water, 
but  is  separated  on  addition  of  calcium  chloride.  Its  derivatives 
are  obtained  in  an  aualogous  manner  to  the  corresponding  ethyl 
compounds,  &om  which  tbey  are  chiefly  distinguished  by  their 
higher  boiling-points. 

But}fl-^kyl  Oieide,  0  ■<  p*n*  is  formed  by  the  action  of  butyl 

iodide  on  sodium  ethylate,  and  is  a  mobile  liquid  boiling  at 
SV'T,  and  haviiig  a  specific  gravity  at  6*  of  07694.  In  the 
formation  of  this  ether,  o-butylene  and  ethyl  alcohol  are  also 
formed: 

C,H,I  +  C,HjONa=  Nal  +  C^.OH  +  C.H^ 
In  order  to  remove  the  alcohol  it  must  be  rectified  over  powdered 
calcium  chloride. 

Dibutyl  Oxide,  (C^HJjO,  is  obtained  in  a  similar  way  to  the 
foregoing  compound.  Butylene  is  always  evolved  in  its  pre- 
paration, and  secondary  butyl  alcohol  is  produced,  which  may 
be  separated  by  distillation  over  sodium.  Dibutyl  ether  boils 
at  140'''5,  and  has  a  specific  gravity  of  0'784 

Bvtyl  Chloride,  C^H,C1,  is  obtained  by  heating  the  alcohol 
with  hydrochloric  acid,  or  the  iodide  with  corrosive  sublimate. 
It  boils  at  77°-6,  and  has  at  0° a  specific  gravity  of  09074. 

BiUyl  Iodide,  C^H,!,  boils  at  129'''6,  and  has  at  0*  the  specific 
gravity  ]  '643.  This  body  serves  for  the  preparation  of  other 
butyl  compounds,  because  it  can  be  prepared  from  impure  butyl 
alcohol,  and  the  impurities  can  be  easily  ^t  rid  of  by  fractional 
distillation,  whereas  they  are  only  removed  from  the  alcohol 
with  constdeiaUe  difficulty. 

The  other  ethers  of  primary  normal  butyl  have  been  but 
slightly  investigated.  The  alcohol  dissolves  in  sulphuric  acid, 
with  formation  of  a  very  stable  acid  sulphate,  which  yields  an 
easily  soluble  barium  salt,  (C«U^O^,Ba  +  HjO,  crystallizing 
in  tablete. 
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BiUi/l  Carbonate,  (C^H^jCO,,  is  formed,  together  ■with  butyleoe 
and  butyl  oxide,  by  heating  the  iodide  with  diver  carbcnate. 
It  is  a  pleasantly  smelling  liquid  boiling  at  207°. 

Sulpkvr  Compounds  of  Butyl.  These  are  obtained  from  the 
coneepondiog  potasaium  salts  by  treating  them  with  an 
alcoholic  solution  of  butyl  iodide.  They  are  mobile  liquids 
possessing  an  unpleasant  smell : ' 

B.P.  Sp.  Gr.  (t  (T. 

Butyl  hydrosulphide,  C.H^H        QT-^fC  0-856 

Butyl  sulphide,  (CjH,},S  182"  0-8523 

NUrogen  Batea.  These  are  obtained  fixim  the  chloride  by 
beating  it  with  potassium  cyanate  and  alcohol,  when  a  solution 
of  the  carbimide  is  first  obtained,  and  this  is  then  boiled  with 
caoettc  potash.  The  liquid  obtained  by  distilling  the  product 
is  saturated  with  hydrochloric  acid  and  evaporated,  and  the 
residue  distilled  with  lime.  The  distillate  boils  between  76° 
and  208°  and  is  a  mixture  of  three  bases,  of  which  the  primaiy 
one  is  easily  obtained  pure  by  fractional  distillation.  BiUyt- 
amine,  C^H^H^  boils  at  73°'5,  has  at  0'  a  specific  gravity  of 
0*7553,  fumes  in  the  air,  and  is  very  hygroscopic,  and  its  vapour 
easily  attacks  caoutchouc  and  cork  (Lieben  and  Kossi). 

Cyanogen  Compounds.-  Of  these  the  only  one  which  is  known 
ia  the  mustard-oil,  CS-NC^H^  a  liquid  boiling  at  167*,  and 
yielding  a  thio-urea  which  melts  at  79°.' 

Jfiiro-compounds  of  Primary  Butyl,  Normal  primary  nitro- 
butane,  C^H^NOj,  is  obtained  by  the  action  of  silver  nitrite  on 
well-cooled  butyl  iodide.  At  the  same  time  butyl  nitrite, 
which  has  not  been  specially  investigated,  ia  produced.  Primary 
nitrobutane  boils  at  151° — 152°,  and  possesses  the  characteristic 
properties  of  the  primary  nitro-paraffins,  but  it  is  only  a  weak 
acid.  It  yields  subatitution  products  with  bromine.  The 
moDobrom-com pound  yields,  like  bromnitroethane,  dinitrt^tviaM, 
C^Hg(NOj)^  by  the  action  of  nitrous  acid.  This  is  a  rather 
sweetly  smelling  liquid  which  decomposes  on  heating.  It  is 
a  monobasic  acid;  the  potassium  salt  forms  golden-yellow 
tablets,  and  the  silver  salt  crystallizes  from  hot  water,  in  lai;^ 
deep-yellow  scales,  which  exhibit  a  bluish-violet  colour  by 
reflected  light.     Neither  of  these  salts  la  explosive.* 

1  Gnibowtikr  and  Skytieff,  Ann.  CJutm.  Pharm.  elizL  361. 
>  Hofminn,  £er.  Deuiteh.  Chem.  Gts.  viL  611, 
*  Ziiblin,  Bar.  DtuttA.  Chm.  Qa.  s.  3083. 
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SECONDARY  BUTYL  COMPOUNDS. 

37a  Metkyl-etkyl  CarUnol,  CHa(C^()CH.OH,  was  first  pre- 
paied  by  De  Luynes.'  He  obtained  the  iodide  by  heating 
erythrite  with  hydriodic  acid,  and  converted  this  into  the  acetic 
ether  by  the  action  of  silver  acetate,  and  then  decomposed 
this  by  caustic  potash. 

Butlerow  and  Ossokin  prepared  it  from  ethylene-iodhydrin, 
CjH^I{OH),  and  zinc  ethyl,  -when  the  crystalline  compound, 
C^^(C^^O(ZnCjHj),  is  produced.  This  is  converted  by  the 
action  of  water  into  the  secondary  alcohol,  zinc  hydroxide 
and  ethane.  As  the  iodhydrin  possesBes  the  constitution 
ICHj— CHjOH,  it  would  be  expected  that  the  primary  alcohol 
would  be  obtained,  but  this  is  not  the  case,  as  it  undergoes 
molecular  interchange  during  the  reaction. 

Another  synthetic  mode  of  formation  was  discovered  by 
Eanownikoff  and  Saytzeff.'  They  found  that,  when  a  mixture 
of  equal  molecules  of  ethyl  formate,  ethyl  iodide,  and  methyl 
iodide  is  heated  with  zinc  and  eome  zinc-sodium  alloy,  an  im- 
perfectly crystalline  masa  is  obtained,  which  is  decomposed  by 
water,  and  thus  the  products,  which  have  been  already  described, 
are  obtained.  From  this  it  is  clear  that  the  product  of  the 
reaction  contains  the  same  compound  as  is  obtained  by  the 
action  of  zinc-ethyl  on  ethylene  iodhydrin.  The  formation 
probably  takes  place  in  two  phases  : 
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Propert'Ua.  MethjI-ethyl  carbinol  is  a  pleasantly  smelling 
liquid  possessing  a  luraing  taste,  boiUng  at  09°,  and  havii^  at 
0°  a.  specific  gravity  of  0827.  Oxidizing  agents  convert  it 
first  into  vuihylethylketone,  CH^CO.CjH,,  a  body  vhich  18  ob- 
tained by  various  other  reactions  (Uready  mentioned  >  (see  p. 
182).  This  is  a  mobile  liquid  smelling  like  common  acetone, 
boiling  at  78",  and  being  converted  by  further  oxidation  into 
two  molecules  of  acetic  acid.  Like  dimethylketone,  it  yields  a 
iiitro-compound,  CH,.CO.CH(N0)CHj,  vhicb  ciTstallizes  from 
alcoholic  solution  in  priamti,  melts  at  74',  and  boils  at  about  186* 
(Meyer  and  Zublin). 

Seamdary  Butyl  Oxide,  [CH,(C,Hj)CH]jO.  This  has  not  as  yet 
been  prepared  from  the  alcohol,  but  it  may  be  obtained  by  acting 
upon  aldehyde  with  hydrochloric  acid,  when  ethidene  oxychltHide, 
(CH,.CHC1),0,  isomeric  with  dichlorethcr  is  obtained,  and  this, 
when  treated  with  Etnc-ethyl,  easily  exchanges  its  chlorine  for 
etbyl,  and  thus  yields  the  ether,  which  is  a  mobile  liquid  boiling 
at  120° — 121*,  and  being  converted  into  the  secondaiy  iodide 
on  heating  with  hydriodic  acid. 

Secondary  Butyl  Iodide,  CH,(CjH,)CHI.'  Eiythrite,  a  body 
closely  allied  to  the  sugars,  and  occurring  in  a  variety  of  plants, 
is  the  alcohol  of  a  tetrad  radical,  and  it  yields  the  secondaiy 
iodide  in  considerable  quantity  when  heated  with  au  excess  of 
concentrated  hydriodic  acid,  amorphous  phosphorus  being  added 
to  prevent  the  formation  of  free  iodine : 

C.H,COH)^  +  7  HI  -  C.H,I  +  4  H,0  +  3 1^ 

The  eante  body  occurs  when  ethyl-chlorether  is  heated  with 
hydriodic  acid  (see  p.  339).  It  may  also  be  obtained  from  the 
primaiy  iodide,  as  this,  when  heated  with  alcnboUc  cauotic 
potash,  yields  ethyl-butyl  ether  and  o-butylene,  CH, — CH, — 
CH  =  CHy  which  latter  readily  unites  with  hydriodic  acid  to 
form  the  secondary  iodide.*  It  is  a  colourless  liquid,  boiling  at 
118°,  which  Boon  becomes  brown  on  exposure  to  light. 

Sulphur  Compounds  of  Seamdary  BtUyl  are  obtained  from  the 
iodide  by  reactions  which  have  frequently  been  described.  The 
mercaptan,  CH,(CjH()CH.SH,  boils  at  84°— 85°,  and  smells  like 
ssafoBtida,  and  the  sulphide  [CH,(C,HjX7H]^,  is  an  unpleasant 
alliaceous  smelling  body,  boiling  at  165*.' 

'  Fittig  Amt,  Chem,  Fhan^  ex.  18;  Frannd,  A.  ettm.  8;  FmnUaod  wmI 
Dupps  C'Ami.  Soa.  Joum.  liz.  3SS ;  Uitn.  Cheat.  J^am.  czxxriii.  Si» ;  PopoOL 
i*.  cxW.  283 ;  GliJnm,  ib.  olTii  SM. 

*  fiiTtie^  £er.  DoUmA.  CA«m.  Om.  iiL  8T0.  *  BeTminii,  a.  vii.  1387- 
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Seamdary  Butyl  ThioeaTUmtde.  CS.NCH(C^^CH,.  Hirf- 
matm  baa  sbowa  that  this  substance  is  the  chief  conBtituent  of 
the  oil  of  Bcurvy-grass  (from  CochUariaq^cinalis).  He  obtained 
it  artificially  hj  heating  secondary  butyl  iodide  with  ammonia, 
monobutylamine  being  the  chief  product,  and  this,  which  boila 
under  120*,  can  be  converted  into  the  mustard-oil  by  treatment 
■with  carbou  disulphide  and  mercuric  chloride.  It  is  a  sharply 
smelling  liquid,  boiling  at  169°-5,  and  yielding,  with  ammonia, 
a  thio-urea,  fusing  at  133°.'  When  the  mustard-oil  is  heated 
with  sulphuric  acid,  a  sulphate  of  a  secondaty  butylamine  is 
obtained,  and  from  this  the  base  can  be  separated  out  by  potash. 
It  is  a  liquid,  boiliug  at  63°  (Hofmano,  Beymann). 

Secondary  NUrobutane,  CH,CC^j)CH  (NO^,  is  formed 
together  with  the  nitrite  and  butylene  by  the  action  of  silTer 
nitrite  on  the  iodide.  It  is  a  liquid  boiling  at  140°,  which  yields 
a  pseudo-nitrol  closely  resembling  the  propyl  compound,  and 
fosing  with  decomposition  at  5S°. 


ISOBUTANE  AND  ITS  DERIVATIVES. 

373  ladbvtane  or  Trimtihyl  MUhane,  (CH^jCH,  was  obtained 
by  Butlerow,  together  with  isobutylene,  by  acting  with  zinc  on 
tertiary  butyl  alcohol  in  presence  of  water.  The  isobutylene 
cau  be  easily  removed  from  the  gaseous  mixture  by  means  of 
bromine.     Isobutane  is  a  colourless  gas  which  liquefies  at— 17*. 


PRIMARY  ISOBUTYL  COMPOUNDS. 

Isdbviyl  Alcohol,  (C H j),OH . CH^OH,  occurs  in  varying  quan- 
tities in  several  fusel-oils,  and  is  especially  found  in  the  spirit 
from  beet-root,  potatoes,  and  grain.^  It  is  obtained  &om  this  by 
fractional  distillation,  which,  when  small  quantities  are  employed, 
is  ratber  a  tedious  operation  and  is  not  now  carried  on.  The 
fioints  are  now  distilled  in  a  rectifying  apparatus,  and  the  isobutyl 
alcohol  separated  from  the  propyl  alcohol  and  other  homolognes 

'  S*r.  Deuitck.  Chem.  Get.  viL  EOS. 

'  Wnrtz,  Ann.  Ckim.  Phut,  m,  ilii.  129  ;  Piem  and  Pacbot,  BvS.  Soe. 
CMm.  XL  iS ;  Chapnuui  and  Smitli,  Joum.  Chtm,  Soc,  xxiL  158, 
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which  these  Cunts  contain.'  In  wder  to  obtain  it  perfectly 
pure  it  18  b«8t  to  prepare  tiie  iodide  from  the  commercial  product. 
This  can  be  readily  purified  by  Pactional  distillation  from  the 
other  iodides,  and  then  reconverted  into  the  alcohol. 

Isobutyl  alcohol  ie  a  somewhat  mobile  Uqnid  posseasing  a 
spirituous  smell,  but  at  the  same  time  a  fusel-<Hl  odour,  aame- 
vhat  resembUng  that  of  the  flowers  of  the  syringa  (Phiiadelphia 
coronariiu).  It  boils  at  108° — 109°,  and  at  0°  has  a  specific 
gravity  of  0'S17.  At  the  ordinary  temperature  it  dissolves  in  10 
parts  of  water,  the  greater  portion  being  separated  iiom  solution 
on  the  addition  of  calcinm  chloride,  common  salt,  potash,  Ac 

Isobutyl  alcohol  serves  as  the  starting  point  for  the  preparation 
of  the  vuious  isobutyl  compounds,  which  were  first  examined 
by  Wurtz,  and  afterwards  by  a  number  of  other  chemists. 
They  are  obtained  in  a  similar  way  to  the  ethyl  compounds,  and, 
for  this  reason,  it  is  sufBcieut  to  give  their  chief  jwc^ierties  in 
tabular  form. 

E-THERa* 

B.  p.  Sp.  Gt. 

Ethyl  isobutyl  ether,C,H,.O.C,H^     TO'-SO"      0  7509  at  — 
Disobutyl  ether,  (C^ig,0,  100M04°        —        — 

The  latter  compound  has  not  been  obtained  quite  pure. 

Ethebs  of  Ihoboank!  Acids. 

'  Isobutyl  chloride,  O^H^O, 

*  Isobutyl  bromide,  C^^Br, 

*  Isobutyl  iodide,  C^H,I, 

*  Isobutyl  nitrate,  CtH,NO, 
'Isobutyl  borate,  (C^HJsBO^ 
"  Isobutyl  siUcate,  (C^H  J^SiO^. 
■Isobutyl  carbonate,  (C^H^jCOj, 

EtbeRS  of  the  FiTTT  ACIDS.'" 

Isobutyl  formate,  C,H,0(CHO),  QS'-S        08845  at  0° 

Isobutyl  acetate,  C«H,0(C^O),       116"-5        0-8596  „  C 
Isobutyl  pi«pionate,  C.H,0(C,H,0),  ISB""?         0-8926  „    0' 

>  Str.  Sntvi.  Chan,  iiui  iL  276. 
■  Wort*,  ItK.  eil. 

*  Wnrti ;  T.inniiTiijnn,  Anft.  Ck«m.  Phartn.  clrii.  IT  i  Viam  and  Pnclio^  A. 
ulTJii  376.  **  Wurtz ;  LinneiMiui,  a.  cIk  SIO. 

*  Vorti.  '  Coimder,  Joam.  PraU.  Chem.  fS],  xriiL  S8S. 

*  Cahoura,  Comft,  Send.  IzzriL  1108.  '  wiirtx. 
"  Wurtij  Piem  and  Pnchot,  Aim.  CMim.  Fkj/t.  [4L  xxiL  234. 


68-'5 

0-8953  at  0° 

92--3 

1-2490  „  C 

120--6 

1-6345  „   0" 

130* 

—         — 

212- 

—         — 

i66'-260* 

0-963  ,  15" 

190' 

—        — 
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Sdlphdb  Cohpounds. 

B.P.  Sp.  Or.  at 

» Iflobaty!  hydrorolphide,  C.H^H,  88'         0-8480  ll°-5 

« Isobutyl  8uIphide,(C.H,)(S.  ITO'-S        0  8363     10° 

laobutyl  trithiocarbonate,  (C^H^j.CSp  285°-290' 
In  addition  to  this  tliiocarbonate  other  oxy-tbiocarbonates  are 
knowQ.* 

NlTBOOEN  COMPOXJNM. 

*l8obatylamine,(C.H^NH^  QTS        07357     15° 

» Di-isobutylamine,  (C,H,)jNH,         135*'-13T' 
•Tri-isobutylamine,  (CtB^^,  IW-ISQ' 

'laobntyl  carbamine,  C^H^NC,  114Mir  07873  4° 
» Iflobutyl  thiocyanate,  C.H^.CN,  174°-176'  —  — 
■  Iflobutyl  mustard  oil,  C^H^NCS,  lei'-lBS"  —  — 
"Nitro-isobutaue,  C.H9NO,  13r-140°         —        — 

Isobutyl    muBtard  oil   forma  a  thio-carbamide  melting  at 

90—91°. 

Isonitrobutane    exhibits    the    Bame   reactions  aa    its  lower 

homologues,  but  its  nitrolic  acid  does  not  ciyatallize, 

Phosphortts  Compounds," 

IsobutylphoBphine,  C,H,H^,  62*  —  — 

Di-iaobutylphosphiae,  (C.HJjHP,        153'  —  — 

Tri-iaobutylphosphine,  (C^HJjP,  215°  —  — 

Hofmann  has  also  prepared  several  mixed  butylphosphinea. 

Metallic  Compodnds.^* 

Hnc-isobntyl,  (C^Hg)/n,                       185°-188'  —  — 

Mercuiy-isobutyl,  CC.H9),Hg,                205°-207°  1 835  15° 

Aluminium-isobuty],  (C,HJ,A1,                 —  —  — 


r.97i;  Ti.  812. 

*  Wiirtz  i  LiimcmaiiQ,  Arm.  Chem.  PKarra.  cluit.  S2 ;  Gautier,  fb.  clil.  338  ; 
B«imeT,  So:  DetUteh.  Chtm.  Get.  ill.  758. 

*  Udenbnrg,  iA,  xii  948.  ■  lb. ;  dachtleben,  a.  zL  7SS. 
'  OtntieT,  Am.  Chan.  Pharm.  dii.  223. 

*  Reimor,  lew.  cit.  *  Reimer,  loc.  ctL 

"  Demde,  Aim.  Cimi.  Fharm.  clxzr.  142 ;  Zablin,  Btr.  PeninA.  CJiem.  0« 
I.  3087. 

"  Hofmnn,  Btr.  DtvitA.  Chmn.  Oea,  tL  299; 

>*  CUwon,  Compt.  SenO.  IxxvU.  K03 ;  Cshouaul  Denutfty,  A.  Xwxtii.  W. 
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B.P.  8p.  Gr. 
Tri-isobutyl  tin  iodide,  (Cfi^^SDl,         284"-286'       ~ 
Tri-isobutyltin  hydroxide,  (C.iyjSnOH,  31 1'-Sli'       — 
Di-ifiobutyl  tin  chloride,  (C^H,),SnClj,   290'*-295°       — 
Di-i8obutyl  tin  iodide,  (C^H^^nl^        260''-262°      — 


TERTIARY  BUTYL  COMPOUNDS. 

374  Trimet^yl  GarHnol,  (CHj),COH.  Thb  is  the  first  tem 
of  the  series  of  tertiary  alcohols,  and  was  also  the  first  to  be 
discovered.  It  was  first  prepared  hy  Butlerow,'  by  the  decom- 
position with  vater  of  the  crystolliae  compound  produced  when 
carbonyl  chloride  acts  on  zinc-methyl.  He  also  found  that 
the  same  crystalline  substance  is  easily  obt^ned  when  acetyl 
chloride  is  employed  in  place  of  carbonyl  chloride.*  In  order  to 
obtain  the  tertiary  alcohol  by  this  reaction,  acetyl  chloride  is 
allowed  to  drop  slowly  into  well-cooled  zinc-methyl ;  the  mix- 
ture allowed  to  stand  from  two  to  three  days  in  the  cold  until 
the  whole  has  become  crystalline : 

cm 

CH,  1 

I  +  2  Zn(CHj).  =  CH,— C— 0— ZnCH,  -f-  Zn  J  ™ 

COCl  I  i'""»- 

CH, 
The    compound    thus    formed    is    decomposed   by    water   aa 
follows : 

(CHg),C.O^nCHj  ^.  2  HjO  =  (CH,)gCO.H  +  CH.  +  2n(0H)r 

If  the  water  be  added  before  the  liquid  has  solidified,  acetone 
is  obtained,  and  hence  we  must  conclude  that  the  crystalline 
compound  is  formed  by  the  union  of  this  substance  with  one 
ntolecule  of  zinc-methyl,  although  when  the  two  are  brought 
together  directly  it  is  not  formed. 

Butlerow  found,  later  on,  that  the  tertiary  alcohol  may  be- 
more  simply  obtained  from  isobutyl  alcohoL  This  is  converted 
into  the  iodide,  and  that  decomposed,  by  heating  with  alcoholic 
potash,  for  the  most  part  into  isobutylene,  (CHj)jC:r:CHj.  This 
gas  is  easily  absorded  by  not  perfectly  concentrated  sulphuric  add. 
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irith  formation  of  the  acid  ether,  and  ttiis  latter  is  decomposed 
hy  distillation  with  water  into  the  alcohol  and  sulphnric  acid.^ 

In  order  to  prepare  lai^r  quantities  of  trimethyl  corbinol  an 
upright  condenser  is  used,  the  inner  cylinder  of  which  is  filled 
witli  broken  lumps  of  glass  and  is  closed  at  the  top  and  bottom 
with  doubly  bored  caoutchouc  stoppers.  To  the  lower  stopper 
is  connectwi  a  gas-delivery  tube  which  passes  into  the  cylinder 
to  one-third  of  its  height,  and  through  which  the  isobutylene 
enters ;  the  second  opening  of  this  stopper  carries  a  tube  which 
serves  to  run  off  the  acid  which  is  produced,  and  this  is  provided 
with  a  double  bend  bo  that  the  acid  forms  a  liquid  joint  and 
prevents  the  escape  of  the  gas.  The  holes  of  the  upper  stopper 
cany  an  outlet  tube,  and  a  tap  funnel  by  means  of  which 
sulphuric  acid  of  75  per  cent,  is  allowed  to  run  id.  If  it  is 
stronger  than  this,  more  or  less  of  the  isobutylene  is  converted 
into  polymeric  modifications.  This  also  takes  place  when  the 
temperature  rises,  and  the  whole,  therefore,  must  be  well 
cooled,  and  the  acid  produced  is  allowed  to  run  slowly  off  into 
a  large  quantity  of  cold  water.  This  is  then  distilled,  and  a 
smaJl  quantity  of  oily  matter  removed  from  the  distillate  by 
filtration,  and  the  liquid  shaken  up  with  carbonate  of  potash 
and  dried  a  second  time  over  the  ignited  salt. 

The  tertiary  alcohol  is  also  formed  when  liquefied  isobutylene 
is  shaken  up  for  some  time  with  50  per  cent  sulphuric  acid. 
Even  water  acidulated  with  sulphuric  acid  dissolves  the  hydro- 
carbon slowly,  but  the  action  then  requires  months  for  its 
completion,' 

Another  mode  of  formation  of  the  carbinol  appears  at  first 
sight  remarkable.  If  a  mixture  of  isobutyl  iodide  and  glacial 
acetic  acid  be  added  to  moist  freshly  precipitated  oxide  of 
silver,  a  mixture  of  trimethyl  carbinol,  its  acetic  ether,  isobutyl 
alcohol,  and  isobutyl  acetate  is  formed,  whilst  isobutylene  is 
evolved.'  In  this  case  a  port  of  the  isobutyl  iodide  is  converted 
into  hydriodic  acid  and  isobutylene,  and  this  latter  combines, 
apparently  in  the  nascent  condition,  with  water  or  acetic  acid  to 
form  the  tertiary  compounds. 

Trimethyl  carbinol  is  also  found  in  small  quantities  in 
commercial  isobutyl  alcohol.* 

■  Zeitach,  Ch^m.  1870,  23S. 

*  Batlerow,  Ann.  C/ixm.  Pharm.  elm.  24S, 

*  linnemaim,  Ann.  Chem.  Fharm.  clir.  ISO  ;  dxii.  12  :  Bntlerow,  A,  dzriiL 
Its. 

'  Bntlerow,  Aim,  Chem.  Pharm.  ciliv.  Si. 
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Propertia. — ^Fure  anhydrous  tertiaiy  butyl  alcohol  is  at 
the  ordiiuuj  temperature  a  fra^e  mass  consistiiig  of  needles 
melting  at  25° — 25°'K.  The  melting  point  is  consideralily 
reduced  by  an  admixture  of  water,  which  it  is  extremely  difficult 
to  remo  ve  bam.  the  alcohoL  On  slowly  cooUng  the  liquid,  the 
alcohol  separates  out  in  the  form  of  rhombic  prisms  or  tables. 
The  anhydrous  compound  boils  at  82°'5 ;  its  specific  gravity 
is  0-8075  at  0',  and  at  30"  0-7788.  On  exposure  to  the  air  it 
abeorbs  moisture  and  deUquesces,  but  in  small  quantity  it  a 
rapidly  volatilized.  It  has  a  peculiar  spirituous  and  camphor- 
like  smell,  and  combines  with  water,  with  contraction,  to  form 
a  liquid  hydrate  2C,H,oO+H,0,  which  boihi  at  80',  and 
solidifies  in  a  freezing  mixture  to  bright  silky  needles.  On 
oxidation  with  potaauum  dichromate  and  dilute  sulphuric  add, 
it  yields  acetic  acid  and  carbon  dioxide  together  with  acetone, 
and  also  smalt  quantities  of  isobutyric  acid.  The  formation 
of  this  latter  acid  can  only  be  explained  by  the  assumption 
that  a  part  of  the  alcohol  is  converted  by  the  sulphuric  acid 
into  water  and  butylene,  and  that  this  latter  combines  in  the 
nascent  state  with  water  to  form  the  isobutyl  alcohoL 

The  derivatives  of  the  tertiaiy  alcohol  have  as  yet  been  but 
slightly  investigated. 

Trimttkyleartyl  CSUoride  or  Tertimry  Butyl  Chli>ndt,(CH^fiC\, 
is  obtained  by  well-known  reactions  from  the  alcohol.  It  is 
also  formed  easily  by  heating  liquid  isobutylene  with  fiuning 
hydrochloric  acid  to  100°.  When  isobutyl  alcohol  is  saturated 
with  hydrochloric  acid  gas,  fuming  hydrochloric  acid  being  added 
and  the  whole  being  heat«d  to  100°,  a  considerable  quantity  of 
the  tertiary  chloride  is  formed,  together  with  isobutyl  chloride 
(Linnemann).    It  is  a  mobile  liquid  which  boils  at  51° — 53°. 

SViTaethylcarhyl  Iodide,  (CE^,CI,  is  formed  by  passing  iso- 
butylene  into  well-cooled  and  concentrated  hydriodic  add  aa 
well  as  by  acting  with  the  latter  on  the  tertiary  alcohol  and 
isobutyl  alcohol,  in  the  latter  case  isobutyl  iodide  being  of 
course  also  formed.  It  is  a  heavy  hquid,  which  smells  remark- 
ably like  petroleum,  and  boils  at  08° — 99°  with  dight  decomposi- 
tion. If  it  is  brought  into  contact  with  water  by  shaking,  it 
dissolves  pretty  quickly  with  formation  of  the  alcohol,*  When 
heated  with  alcoholic  potash  a  small  quantity  of  a  pleasantly 
smelling  liquid  boiling  at  72*  is  formed.  litis  is,  doubtless, 
trivuthylcarbj/l  tthyl  ether,  (C^),C.O.C^  but  the  chief 
>  DoblHB,  Aura.  C%«M.  Stc  ISSCv  L  !U. 
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product  of  the  reaction  is  isobotjlene,  and  tbis  teactitm  serves 
for  the.  purpose  of  conTerting  the  tertiary  alcohol  into  iaobutyl 
alcohoL  For  this  purpose  the  hydrocarbon  is  led  into  a  solution 
of  hypochloroos  aoid,  when  isobutylene  chlorhydrate  or  mono- 
chlorisobatyl  alcohol  is  formed.  This,  when  treated  with 
sodium  amalgun  and  wat^,  yields  up  ita  chlorine  for  hydrogen.' 
The  following  equations  explain  this  reaction : 

CH,  CH,  CH,  CH, 

\/  \  / 

0  +    CI    =         CCl 

II  I         i 

CH,  OH  CHjOH. 

CHj  CHj  CIi,CH| 

CCl       +    H,   -       CH       +    Ha 

OHjOH  CH,OH 

Trimeth-fiearbyl  Nitrite.  (CH^jCO.NO.  Silver  nitrite  acta 
very  violently  on  tertiary  butyl  iodide,  and  the  nitrite,  together 
with  a  small  quantity  of  tertiary  nitrobutane,  is  formed  together 
with  water  and  the  oxides  of  nitrogen.  The  ether  is  a  yellow  oily 
liquid,  boiling  at  76°— 78°.  Ttrtiary  Nitnlyutane,  (CHa)jC.NO„ 
which  is  formed  at  the  same  time,  has  not  as  yet  been 
obtained  pure.  It  is  a  liquid  smelling  <£  peppermint,  and 
boiUng  between  110°  and  130°,  and  possessing  no  acid  pro- 
perties. It  is  not  attacked  by  bromine  and  potash,  nor  does  it 
give  any  reactions  with  nitrous  acid. 

The  isomeric  nitrites  ore  always  formed  in  the  preparation  of 
the  nitro-paraffins,  except  in  the  case  of  nitromethane.  Thus,  by 
the  action  of  silver  nitrite  on  ethyl  iodide,  almost  equal  quanti- 
ties of  the  two  isomers  are  obtained.  This  may  be  explained 
by  the  fact  that  the  ether  is  formed  by  a  secondary  reaction 
in  which  a  part  of  the  iodide  is  converted  into  ethylene  and 
bydriodic  acid,  and  this  latter  decomposed  by  the  silver  nitrite, 
whilst  the  liberated  nitrous  acid  combines  with  the  ethylene  to 
form  ethyl  nitrite.  The  more  easily  an  iodide  decomposes  into 
an  define  and  hydriodic  acid,  the  smaller  is  the  yield  of  nitro- 
pacaffin,  and  this  is  the  reason  why,  in  the  case  of  the  {^imary 
compounds,  a  satisfactory  yield  is  obtained,  whilst  in  that  of 
the  secondary  it  is  smaller,  and,  in  the  case  of  the  tertiary 
compoanda,  very  small.* 
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IHmethyl  Carln/lamine  or  Tertiary  Butylamint,  (CH,),C,NH^ 
was  obtained  bj  LiDnemaim'  by  heating  isobutjl  iodide  vith 
Bilv^  cjanate.  The  product  of  the  reaction  is  then  distilled 
with  cauBtic  potash.  It  was  next  examined  by  BohmkT 
Brauner,*  who  isolated  the  isocjranate  which  ia  fint  formed, 
boiling  at  85°'5,  and  as  its  reactions  show,  is  the  tertiary  com- 
pound. Thus  it  is  converted  by  hydrochloric  acid  into  the 
corresponding  base,  whilst  isobutyl  isocyanate,  a  body  which  is 
chiefly  obtained  when  the  above  reaction  is  carried  out  ti,  a 
lower  temperature  and  with  dilute  materials,  is  converted  into 
isobutylainine. 

Tertiary  butylamine  is  also  formed  as  a  by-product  in 
the  preparation  of  tiimethyl  acetic  acid.  The  properties  of 
several  of  its  compounds  and  derivatives  have  been  examined 
by  Budneff.  The  base  is  a  mobile  iuumooiacal  smelling  liquid, 
which  boils  at  iS''^,  and  has  a  specific  gravity  at  0°  of  07155. 
The  hydrochloride,  (CH^,C.NHsCl,  crystallizes  in  scales  which 
melt  at  270° — 280° ;  on  solidification  it  expands  to  four  times 
its  volume.  The  platini-chloride  crystallizes  easily  in  long 
sword-hke  monoclimc  prisms.  The  base  forms  a  mustard-oil 
which  boils  at  192",  and  crystallizes  at  lO'-S,  and  a  thio-urea 
which  melts  at  145°,  aj^>arently  with  partial  decomposition. 

Trimeihylmrbyl  AutaU,  (CH^jCO.CO.CH,,  is  obtained  by 
the  action  of  the  iodide  upon  silver  acetate  moistened  with 
glacial  acetic  acid.  It  is  an  ethereal  liquid  which  boils  at  about 
96°,  and  possesses  a  peculiar  smell,  reminding  one  at  the  same 
time  of  acetic  acid  and  of  mint. 


THE   BUTYRIC   ACIDS,   ftc. 

375  yormal  ButyraldehycU,  CjHj.CHO,  is  formed,  together 
with  other  products,  by  the  distillation  of  equal  weights  of 
calcium  butyrate  and  calcium  formate.  It  ia  a  pangent 
smelling  liquid,  boilii^  at  75°,  and  at  0°  having  a  specific 
gravity  of  0-8341." 

'  Ami.  Chan.  Utarai.  cliii,  IB. 
*  lb.  eicii.  66. 

;  lieben  and  S<wi,  H,  cItuL 
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Normal  Btrrniic  Acid,  CjHj.CO,H. 

Id  ttieyearlSll,  Chevreul  commeQced  his  classical  Rechtrekea 
auT  les  Corps  Qras}  which  have  thrown  so  much  light  od  Uie 
cooBtitution  of  the  iats,  and  on  the  nature  of  saponification.  A 
more  complete  account  of  these  researches  will  be  hereafter 
given  under  the  subject  of  glycerin.  We  here  only  mention  tliafc 
in  1818  he  discovered  the  various  volatile  acids  contained  in 
butter,  and  four  years  later  diachmioated  between  tiiem,  giving 
to  them  the  names  of  butyric,  caproic,  and  capric  acids.  The 
name  for  the  first  is  derived  from  its  origin,  and  &om  this  the 
expressions  butyryl  and  the  butyl  cbmpounds. 

This  acid  occurs,  however,  not  only  in  butter,  but  likewise  in  s 
variety  of  other  animal  fats,  as,  for  instance,  in  cod-Uvor  oiL  It  ia 
a}so  found  in  the  muscle-plasma,  in  the  secretions  of  various 
insects,  in  perspiration,  and  in  other  animal  liquids.  It  is  also 
widely  distributed  in  the  vegetable  kingdom.  Thus  it  has  been 
detected  in  croton  oil  and  other  fatty  vegetable  oils,  in  tamariuds, 
the  fruits  of  the  soap-nut  tree,  and  that  of  the  Oingko  biloba. 
Ethos  of  butyric  acid  also  occur  in  the  oils  of  various  species 
of  umbellifene. 

Pelouze  and  Oelis  showed  that  butyric  acid  also  is  formed  in 
a  peculiar  kind  of  saccharine  fermentation ;  and  the  acid  thus 
obtained  was  afterwards  investigated  by  them*  and  by  Lercb. 
It  also  occurs  in  the  products  of  many  other  fermentation  pro- 
cesses, and  in  the  putrefaction  of  various  substances.  Thus  it 
haa  been  detected  in  putrid  cheese,  in  the  sour  liquors  from  the 
tan-yard,  in  decomposed  cider,  and  in  putrefying  yeast.  T<^ther 
with  other  fatty  acids,  it  is  a  frequent  constituent  of  the  pro- 
ducts of  dry  distillation  of  various  organic  substances,  such  as 
amber  oil,  cnide  pyroligneous  acid,  &c. 

In  order  to  prepare  butyric  acid,  the  process  by  fermentation 
of  sugar  is  usually  employed,  the  method  given  by  Bensch' 
yielding  the  best  product  For  this  purpose  about  6  kg.  of 
sugar  and  30  g.  of  tartaric  acid  are  dissolved  in  26  liters  of 
boitiog  water,  and,  afler  some  days,  250  grams  of  putrid  cheese 
mixed  with  8  kg.  of  sour  skimmed-milk,  are  added  together,  as 
well  as  3  kg.  of  finely  divided  chalk.  The  mixture  is  then  so 
placed  that  the  temperature  of  the  mass  shall  be  from  30°  to  35°. 
The  mixture  is  stirred  up  every  day,  and  the  hquidj  after  shout 

m.n. 

*  Ann.  CA«m.  Pharm.  IxL  177. 
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a  week,  becomes  a  thick  maj^ma  of  calcium  lactate.  It  is  then 
allowed  to  stand  longer  at  35°,  the  whole  again  becoming  liquid, 
and  an  evolution  of  hjdrogen  and  carbon  dioxide  being  obserred, 
and  lasting  for  soma  weeks.  As  soon  as  the  eTolution  of  gas 
ceases,  the  butyric  fermentation  is  complete.  During  the  whole 
operation  the  water,  as  it  evaporates,  must  firom  time  to  time  be 
renewed.  The  whole  is  then  diluted  with  m<Mre  water,  and  8  kg. 
of  crvBtalhzed  carbonate  of  soda  added  to  the  solution,  which 
is  filtered  from  calcium  carbonate,  evaporated  to  10  kg.,  and  to 
this  1 1  kg.  of  dilute  sulphuric  acid  added.  The  oily  layer  which 
rises  to  the  surCoce  is  separated  from  the  aqueous  liquid,  which 
still  contains  some  butyric  add.  For  the  separation  of  this  latter 
the  liquid  is  distilled,  and  the  diatillate  saturated  with  soda,  the 
butyric  acid  being  separated  from  this  by  sulphuric  acid,  and 
the  product  added  to  the  first  portion.  The  crude  acid  contains 
water  and  sodium  sulphate.  This  latter  is  removed  by  distil- 
lation, a  smalt  quantity  of  sulphuric  acid  being  added,  and  care 
taken  to  prevent  the  separation  of  the  normal  salt,  as  this  would 
produce  percussive  ebullition.  The  distillate  is  again  dried  over 
calcium  chloride,  and  again  distiUsd.  The  product  thus  obtained 
still  contains  some  water  as  well  as  aceUc  acid  and  caproic  acid, 
from  which  itcaa  be  separated  by  fractional  distillation.  In  order 
to  obtaiM  tbe  pure  acid,  the  chief  fraction  boiling  from  155°  to 
165°  is  dissolved  in  water,  when  the  caproic  acid  remains  behind, 
and  the  pure  calcium  salt  is  prepared  from  this  solution.  ^  This 
is  again  decomposed,  as  described,  and  from  the  jK^ucttbe  pure 
butyric  acid  is  obtained  by  means  of  conoentr^ed  hydrochloric 
aciil 

The  formation  of  butyric  acid  from  cane  sugar,  CjjHgO,,, 
takes  place  in  several  stages.  In  tlie  first  place,  the  sugar  is 
converted  by  absorption  of  water  into  glucose,  OgH,jOy  and 
this  decomposes  into  two  molecules  of  lactic  atud,  0,H,0|, 
which,  again,  is  converted,  as  is  shown  in  the  following  equa- 
tion, into  butyric  acid : 

2  CAO.  =  CiHgO,  +  2  00,  +  2  H, 
This  subject  will  be  more  fully  treated  under  the  article 
"  Fermentation."  We  may  here  simply  remark  that  this  fer- 
mentation is  produced  by  a  species  of  schizomycetes,  the  germs 
of  which  ace  either  added  in  the  putrid  cheese,  or  may  be 
derived  from  the  air.  This,  however,  is  not  the  only  oiganism 
>  Li«bMi  umI  Bm^  ^nn.  Chmt,  Fhamt.  clriii.  U5  ;  Orilloaa,  iU  elxr.  1S7. 
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contained  in  the  fermented  liquid,  and  these  bring  about  other 
decompositions  of  the  sugar.  Hence,  for  this  reason,  it  is  more 
rational  to  add  indivtdutiJa  of  the  special  ferment,  instead  of  the 
sour  milk  and  pntrid  cheese. 

AcGoidiog  to  Fitz,  potato-starch  is  preferable  to  sugar.  He 
takes  100  grams  of  this  to  two  liters  of  water  at  40°,  and  to  this 
he  addsa  minute  quantity  of  the  Bchizomycetes  Seteillua  aubtilU, 
and  for  its  nourishment  a  mixture  of  Old  potassium  phosphate, 
002  magnesium  sulphate,  and  1  gram  of  sal-ammoniac  As 
the  fermentation  proceeds  only  in  neutral  solution,  SO  grams  of 
calcium  carbonate  are  also  added,  and  the  process  is  completed 
in  about  ten  days.  The  products  of  this  reaction  are  1  gram  of 
aicohol,  0'33  of  succinic  acid,  about  4  of  acetic  acid,  and  34'7 
grams  of  pure  butyric  acid ;  whilst  by  the  other  jHx>ce8s,  Beusch 
obtained  only  292  grams  of  crade  butyric  add  from  100  grams 
of  sugar. 

As  acetic  acid  is  a  stronger  acid  than  butyric  acid,  the  latter 
may  be  obtained  in  the  pure  state  from  a  mixture  of  the  calcium 
salts  by  adding  such  a  quantity  of  hydrochloric  acid  that  only 
tiie  butyric  acid  is  liberated.^ 

Butyric  aeid  has  been  synthetically  prepared  by  Frankland 
and  Duppa*  according  to  the  reaotion  described  on  p.  180,  and 
IjinneinanQ  and  Zotta'  have  also  prepaivd  it  synthetically  &om 
bntyronitril. 

Butyric  acid  is  a  mobile  liquid  having  a  strongly  acid  and 
rancid  smell.  This  is  especially  unpleasant  in  dilute  solution. 
Its  taste  is  strongly  acid.  The  concentrated  acid  produces  a 
white  spot  on  the  tongue,  and  attacks  the  skin  like  gladsl  acetic 
acid.  It  boils  at  163°,  solidifies  in  a  freezing  mixture  forming 
a  pearly  glistening  mam  which  melts  at  —2°  to  +  2°,  and  at  0° 
hasAspecific gravity  of  09817, and,  at  14°,  0 9001.  Like  acetic, 
butyric  acid  also  possesses  an  abnormal  vapour-density  even  at 
temperatures  tolerably  far  removed  from  its  boiling-point,  a 
constant  limit  of  307  not  being  reached  until  a  temperature  of 
250°  is  E^tained  (Cahours). 

Butyric  acid  is  miscible  with  water  in  all  propcfftions,  and  it 
is  thus  distinguished  from  isobntyric  acid.  It  forms  «asily 
soluble  salts,  and  strong  acids  separate  it  f^ain  from  these  as 
an  oily  layer. 

'  Bar.  DaOieh,  Chem.  6a.  zi.  51. 

*  Proe.  £og.  See,  zIt.  198 ;  Aim,  Oum.  Fharm.  cxzzr.  217. 

*  Ami,  Chtn.  Pharm,  dxi  IT". 
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The  BuTTRiTES. 


376  The  salts  of  butyric  aoid  are  more  or  less  soluble  in  water, 
and  many  also  are  soluble  in  alcohol ;  and  they  are  chiefly  crys- 
talline. In  the  dry  state  they  possess  no  smell,  but  vhea  moist 
they  generally  emit  a  smell  of  the  acid.  Several  of  them  are 
wetted  by  water  with  difficulty,  and  exhibit  a  remarkable 
rotatory  motion  like  that  of  camphor  when  they  are  thrown  on 
to  the  surface  of  water.  The  most  characteristic  salts  are  the 
following. 

Caldum.  BtUyraie,  (C^H^ 0,),Ca+H,0,  forms  transparent  scales, 
wbicb  are  more  soluble  in  cold  than  in  hot  water.  One  put 
dissolves  at  14°  in  3'5,  and  at  22°  in  5'1  parts  of  water.  If  the 
solution  be  warmed  beyond  this  point,  the  salt  separates  out 
as  a  crystalline  precipitate,  this  quantity  being  greatest  at  70°, 
At  higher  temperatures  it  agiun  dissolves,  but  even  if  the  solu- 
tion be  heated  in  closed  tubes  to  110°,  it  does  not  wholly 
disappear.  On  cooling,  tbe  salt  dissolves  agun  readily  if  the 
solution  has  not  taken  place  in  open  vessels,  in  whicli  latter  case 
some  of  the  acid  escapes  and  basic  salts  are  formed.^ 

Frof.  Erlenmeyer,  alter  faaviag  shown  this  experiment  some 
forty  times  in  his  lectures,  observed  that  mucb  less  salt  separated 
out  each  time  than  had  formerly  been  the  case ;  and  at  last  no 
further  separation  took  place,  but  on  coolin^^  tbe  solution  con- 
siderably, crystalline  scales  made  their  appearance.  A  careful 
investigation  of  this  led  to  the  remarkable  conclusion  that  from 
9  to  10  per  cent,  of  the  normal  butyrate  had  been  converted 
into  the  isobutyrate,  and  that  the  presence  of  this  latter  had 
hindered  the  precipitation  of  the  crystals.* 

The  fact  that  calcium  butyrate  is  less  soluble  ia  warm 
water  than  in  cold  has  been  made  use  of,  as  has  been  stated, 
.  to  separate  acetic  and  caproic  acid  from  the  crude  butyric 
add.  According  to  Lieben  and  Rossi,  this  latter  liquid  is 
evapMated  with  milk  of  lime,  and  the  solution  evaporated  down, 
when  the  salt,  which  is  only  wetted  by  water  with  difficulty, 
separates  out  as  a  scum,  which  may  then  be  removed.  The 
evaporation  and  skimming  is  continued  until  the  last  motber- 
liquora  do  not  yield  a  pure  product. 

Zine  Bviyratt,  (C^HfOj)jZn,  forms   pearly   scales  difficultly 
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soluble  in  water.     It  appeara  to  be  moet  soluble  in  warm  water, 
whilst  the  solubility  at  100°  is  not  much  greater  than  at  0°.* 

Silver  Butyraie,  C4HjO,Ag,  is  thrown  down  as  a  curdy 
precipitate,  wbeu  a  tolerably  strong  solution  of  a  butyrate  is 
treated  with  silver  nitrate.  It  crystallizes  from  the  hot  saturated 
solution,  on  cooling,  in  dendritic  prisma.  One  hundred  parts  of 
water  dissolve,  at  16*,  0*413  parts  of  the  salt. 


Ethebs  of  Butthic  Acid. 

377  Some  of  these  compounas  have  been  prepared  artificially, 
and  some  occur  ready  formed  in  the  v^^etable  kingdom.  The 
following  are  the  most  important : 


B.P. 

Sp.Gr. 

»t 

Methyl  butymto 

101" 

09*75 

4* 

Ethyl  hutyrate 

121" 

09019 

0* 

Propyl  butyrate 

113--4 

08872 

0' 

Igopropyl  butyrate 

128' 

0-8787 

0° 

Butyl  butyrate 

165-5 

0-8885 

0* 

Isobutyl  butyrate 

119''5 

0-8719 

0' 

Of  these,  the  ethyl  ether  is  obtained  by  warming  a  mixture 
of  two  parts  of  spirit,  two  parts  of  butyric  acid,  and  one  part  of 
sulphuric  acid  for  some  time  to  80°,  and  then  pouring  the 
mixture  into  water  and  washing  the  layer  of  ether  which  swims 
on  the  surfiice  with  dilute  soda  solution,  drying  over  chloride 
of  calcium  and  distilling.  It  has  a  pleasant  fruit-like  smell, 
resembling,  especially  in  dilute  condition,  that  of  pine-apples. 
A  solution  of  the  ether  in  ten  parts  of  spirits  of  wine  goes  by 
the  name  of  essence  of  pine-apple  or  Ananas-oil.  This  serves 
for  the  preparation  of  artificial  rum,  and  is  added  to  the  common 
sorts  of  this  s[arit  as  well  as  other  liquors ;  it  is  also  used  in 
perfumery  and  for  flavouring  cheap  confectionery.  In  place  of 
butyric  acid,  a  mixture  of  volatile  fatty  acids  may  be  used, 
obtained  by  saponifying  butter  in  a  current  of  steam. 

The  other  bulyryl  eompoundg  are  prepared  in  an  exactly  similar 
way  to  the  corresponding  acetyl  compounds : 


>  B.  Utijm,  Ber.  DeuOch  Ch^m.  Ott.  xL  17S0, 
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B.P. 

Sp.  Or. 

d 

i9r 

0-978 

irs 

lor 

— 

— 

128" 



_ 

148" 

— 

_ 

130' 

— 

— 

THE  BTTTTIi  OBOCP. 


»  Butyiyl  oxide.  (CtE,0)fi 

>  Butyryl  chloride,  C.HjOOl 

>  Butyryl  bromide,  C.H,OBr 

•  Butyryl  iodide,  C.I^OI 

•  Thiobutjric  acid,  C,H,0£H 

Dihutyryl,  (CaHTOO)^  WM  obtained  by  Freund,*  by  adjng 
with  sodium  on  the  chloride ;  it  is  a  yellowish  oil,  having  a  fniit- 
like  odour,  and  boiling  between  245°  and  2{i0°. 

Sutyramide,  C^H^O-NHj,  is  obtained  by  the  action  of 
ammonia  on  ethyl  butyrate^  and  dibutyrin,^  0,Hj(OC^H^O),OH. 
It  crystallizes  from  hot  water  in  pearly  scales,  which  melt  ^  115' 
and  boil  at  216*. 

ButyronitTii,  C^HjN,  W8«  first  prepared  by  Dumas,  Malaguti, 
and  Leblanc,'  by  heating  ammonium  butyrate,  or  butynunide 
with  phosphorus  pentoxide.  It  is  also  formed  from  the  amide 
by  the  actioo  of  phosphorus  pentachloride,  phosphorus  penta- 
Bulphide,  and  other  dehydrating  agents.  It  may  be  obtained 
synthetically  by  heating  potassium  cyanide  with  propyl  bromide." 

Linnemann  and  Zotta,"  in  their  prepamtion,  distilled  tUrty 
parts  of  ammonium  butyrate  with  eighty-eight  porta  of  line 
chloride.  It  is  acolouriess  liquid,  which  boilsat  115° — 117°,and 
has  a  emell  resembling  that  of  bitter-almond  oiL 

SUBSTITDTION-PBODUCrS  OF  BimTMO  Aon>. 

378  Substitution-products  are  easily  formed  1^  the- action  of 
chlorine  or  bromine  on  butyric  acid,  and,  so  iax  as  these  have 
been  investigated,  they  follow  the  law  that  substitution  taket 
place  in  the  first  instance  on  the  carbon  atom  connected  wiUi 
carbonyL  Dichtorbotyric  add,  C^H^CljOj,  and  tetr&chlorbntTTic 
acid,  CjHfOl^Oj,  are  the  only  substitution-products  as  yet 
obtained  by  the  direct  chlorination  of  but^c  acid.  The  first  of 
these  is  a  liquid,  boiling  with  slight  decomposition  at  164° ;  die 

'  Ocrhnrdt,  Aim,  Ckim.  FKyi.  [3],  raviL  286  ;  Ann.  Chem.  Fhartn.  lnrrCL 
E7 ;  Schiitzenberger,  Hep.  Okim.  Pmrt.  iv.  !6S  ;  Linneniaiin,  Ann.  Chem.  FSai*- 
clii.  178, 

■  Gi^rhwdt,  Linnemuin.  *  Berthelol.  TmC.  1857,  S70. 

*  Cnhonn,  Otmpt.  Jtend.  jHt.  1252  ;  Ann.  Cheia.  Pkamt.  dr.  1*. 

*  Ulrich,  Ann.  Chtm.  Pkann.  ciz.  IVi. 

*  Ann.  Chein.  Fltm~n.  oiTi[i.  33.  '  Chancel,  Compt.  Bend,  iriii.  >1S. 
'  Betthelot,  ,^«i«,  Chim.  Phi/t.  [3],  ili.  284. 

*  CompL  Beiul.  xit.  U2  ■diI  85S.  »  Sohniidt,  ZeiUck.  Chan.  1870,  G7I. 
't  Ann.  ChtM.  Pham.  "I"'  S. 
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Becond  is  a  solid  body,  crystallizing  in  oblique  rhombic  prisms, 
melting  at  about  140*.* 

Other  chlorinated  butyric  acras  are  not  formed  directly,  but 
may  be  prepared  from  other  compounds.  These  will  be  de- 
scribed hereafter  in  connection  with  the  bodies  from  which  they 
ure  obtained. 

Mondbrombutyrie  Aeid,  C^H^BrOj,  is  obtained  by  heating 
butyric  acid  with  bromine  for  three  to  four  hours  to  150°.*  It 
may  be  distilled  in  a  vacuum,  and  boils  under  the  ordinary 
pressure  with  partial  decomposition  at  217°.  It  is  slightly 
soluble  in  water,  possesses  a  pungent  smell,  and  at  15'  has  a 
specific  gravity  of  1'54.  When  hydrochloric  acid  is  passed  into 
its  alcoholic  solution,  the  ethyl  ether  ia  obtained  as  a  colourless 
liquid,  boiling  at  178*.  When  heated  with  slcohol  and  potassium 
iodide,  ethj/l  iodohutyraU  ia  formed,  a  heavy  liquid,  boiling  with 
partial  decomposition  at  about  192*.  Free  iodobutyric  acid  is 
not  known  in  the  pure  state. 

JHbrwnJntiyrie  Acid,  C^HgBrjOj,  ia  obtained  by  heating  the 
monobrominated  acid  with  bromine.  This  crystallizes  from  hot 
water  in  thin  prisms  which  melt  at  65' — 70°,  and  boil  at  227° 
with  partial  decomposition.  Its  ethyl  ether  is  a  liquid  smelling 
like  apples,  and  boiling  between  191°  and  193°. 

Other  isomeric  higher  brominated  butyric  acids  will  be 
afterwards  mentioned. 


ISOBUTYRYL  COMPOUNDS. 

379  ItdbtUyraldthyde,  (CH^,CH.GHO,  is  obtained  by  oxidiz- 
ing isobutyl  alcohol  with  potassium  dichromate  and  sulphuric 
acid.'  It  is  a  strongly  refracting  liquid,  possessing  a  pungent 
though  not  unpleasant  smell,  boiling  at  61*,  and  having  a 
specific  gravity  at  0°  of  08226.  It  easily  polymerizes,  like 
acetaldehyde,  into  the  trimolecular  para-isobutyraldehyde, 
OijHj^Oj,  a  substance  crystallizing  from  alcohol  or  ether  in  fine 
needles,  melting  at  60',  and  easily  undergoing  sublimation, 

^  Peloon  ind  OAis,  Ant^  Chin.  fAj/f.  [3],  x.  Hi. 

'  Vstunuin,  Aim.  Chan.  Pharm.  cxii.  IIS;  Friedel  and  Hachnca,  A.  ozx. 
382  ;  AoppL  iL  70 ;  Schneider,  ifr.  cix.  £76 ;  Tnpolelf,  ib.  elxxi.  !48. 

■  UicHulioii,  Cmvpt.  Said.  1.  9S8  ;  Kiiimer,  Btr.  DtulaA.  ChoK.  At*,  vil. 
SG2;  Pfoiffer,  O.  t.  <»;  Buba^ia,  A.  t.  10S3  ;  Upp.  Aitti.  Chan.  PAarvt. 
eer.  1, 
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IsoBUTTHic  Acid,  (CH,),CH.COjIL 
380  This  compotmd  had  betn  ez&tniDed  by  chemists  before 
the  existence  of  iaomerism  in  the  alcohol  or  fatty-acid  eeries  was 
known.  It  was  then  believed  to  be  common  butyric  acid. 
Bedtenbacher  ^  obtained  it  first  by  distilling  carobs  {Ceratonia 
tiliqua)  with  water  and  some  sulphuric  acid.  He  made 
this  experiroeut  becanse  be  had  observed  that  when  barium 
butyrat«  is  decomposed  with  dilute  sulphuric  acid,  and  after 
the  first  violent  reaction  is  over,  a  faint  smell  remains  which 
resembles  neither  butter  nor  cheese,  but  which  reminds  one 
of  the  peculiar  smell  of  locust-beao.  Uarsson*  believed  that 
the  acid  of  this  bean  was  derived  from  the  fermentation 
of  a  portion  of  the  sugar  contained  in  the  fruit,  and  that  a 
nitrogenous  body  present  in  the  fruit  waa  the  ferment.  For 
the  purpose  of  deciding  this  qaestion  he  brought  the  carob 
and  water  together  with  chalk,  and  found  that  fermentation 
commences  between  25°  and  30°.  From  100  parts  of  the  bean 
he  obtained  12'£  parts  of  an  acid,  which  he  believed  to  be  pure 
butyric  acid,  whibt  Redtenbacher  obtfuned  only  06  per  cent,  by 
fermentation. 

Erienmeyer*  was  the  first  to  prepare  isobutyric  acid  syntfaeti- 
cally,  Eolbe  *  having  previously  predicted  that  a  body  of  the 
constitution  of  isobutyric  acid  was  capable  of  existence.  The 
former  chemist  prepared  it  by  acting  with  potash  upon  the 
nitril  obtained  by  the  action  of  potassium  cyanide  on  isopropyl 
iodide.  He  believed  it  to  be  identical  with  fermentation-butyric 
acid,  though  different  from  that  obtained  from  butter.  Mar- 
kownikoff "  was  at  the  same  time  occupied  with  a  similar  investi- 
gation, and  he  proved  that  this  is  not  the  caae,  and  examined 
the  isobutyric  acid'  obtained  by  synthesis,  more  exactly.*  Upon 
this,  Lieben  and  Rossi  showed  that  the  acid  obtained  by  fer- 
mentation is  the  normal  compound.  Griinzweig,  who  had 
investigated  the  butyric  acids  &om  ditTerent  sources,  came  to  the 
conclusion  that  the  acid  contained  in  cow's  butter  is  identical 
with  that  derived  from  sugar,  and  that  isobutyric  acid  is  con- 
tained in  the  free  state  in  the  carob  bean,  whilst  the  substance 
obtained  by  fermentation  from  the  latter  source  is  a  mixture  of 
the  two  isomcrides.     The  isobutyric  acid  which  was  used  as  the 

'  ^nn.  Chem.  PJmrm.  Ivii.  177.  *  jirckiv.  Pftorm.  xcviii.  297. 

•  ZtOiA.  Chm.  ISGS,  651.  *  lb.  1861,  6i. 

'  lb.  18SS,  107.  *  Attn.  CK^ni.  Fham.  cxzxTlii.  8<1. 

'  Jb.  clxiL  208. 
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fltandard  for  comparison  was  obtained  by  the  oxidation  of 
isobutyl  alcohol. 

Isobutyric  acid  has  also  been  prepared  synthetieally  by 
Fiankland  and  Duppa  by  the  aoetoracetic-ether  reaction 
(see  p.  181). 

Isobntyric  acid  is  found  in  the  &ee  state  in  the  flowers  of  the 
Amiea  vuMitana,^  as  veil  as  in  the  carob  bean,  and  amongst  the 
acids  (^  croton  oil*  Isobatyl  ether  is  one  of  the  constitaenta 
of  oil  of  camomile  (^AiUhtmit-  ndbitis).* 

Isobutyric  acid  boils  at  154*,  and  at  dC  has  a  specific  gravity 
of  0*9598.  It  has  a  emetl  resembliog  the  normal  acid,  but  is 
less  unpleasant,  and  is  not  miscible  with  water,  one  port  requiring 
for  complete  solution  three  parts  of  water  at  the  ordinary  tem- 
perature. It  is  distinguiahed  from  the  normal  acid,  iuasmucb  as, 
when  heated  with  dilute  sulphuric  acid  and  potassium  dichromate, 
it  is  easily  oxidized  into  acetic  acid  and  carbon  dioxide. 


ISOBUTHUTKL 

381  The  salts  of  isobutyric  acid  resemble  in  genenJ  properties 
the  butyrates,  with  the  exception  of  the  salts  of  calcium  and  of 
silver. 

Oaieium  Itofna^^e,  (C^HjO^jCa  +  5H,0,  crystallizes  in 
monodinic  needles,  which  dissolve  at  18'  in  tbirty-six  parts  of 
water,  whilst  in  hot  water  they  are  more  soluble,  and  the  satu- 
rated scJution  solidifies  on  cooling  to  a  crystalline  magma.  If 
subjected  to  dry  distillation,  isopropyl  ketoue  as  well  as  methyl 
isopropyl  ketone  and  isobutyl  aldehyde  ore  formed.* 
.  Silver  IfobtUyratt,  C^H^O^,  crystallizes  from  hot  water  in 
transparent  sc^ea.  One  hundred  parts  of  water  at  Ifi"  dissolve 
0-92S  parts  of  the  salt 

Zinc  Isobviyraie,  (C^H^O^^n,  crystallises  in  monoclinic 
prisms,  which  at  IS^'S  dissolve  in  5  8  parts  of  water.  The 
solubility  diminishes  quickly  with  increase  of  temperature,  and 
a  solution  saturated  in  Uie  cold  deposits  crystals  in  large 
quantity  when  warmed.* 

'  SInl,  Atm.  Clum.  Fkmm.  elxx.  US. 

•  Sohmide  tui  Behreodea,  Anrt.  dun,  PAam.  exci.  101. 

■  Kobig,  Aim,  Chan,.  Pham.  exov.  >!. 

*  Burfaulia  and  Gucci,  Bar.  Jkultek.  C/imi.  0*t.  liii,  1673. 

■  fi.  Jlcjar,  Btr.  DeMieh.  Cliem.  Ott.  xi.  17M. 
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EtHEBS  07  ISOBDTTBIC  ACIDB. 

These   fire  prepared  bj  the  some  procesaes  as  the  butyric 
ethers. 

B.P,         8p,  Of.  at 

Methyl  iaobutyrate,  C^HjOjCCiy  93*  0-9086  0° 
Ethyl  iBobutytate,C^H,0,(C,Hj)  111*  0  8893  0° 
Isobutyl  iflobutyrate,  C,H,0,(C,H,)    149°         0  8719        0* 

The  last  ether  appears  to  be  contained  in  Roman  camomile 
oiLi 


iBOBIJTTEirL    C0ICW)traD8. 

38a  Of  these  the  following  have  been  investigated : 

Isobutyryl  oxide,  (C^H,0),0         180"  —  — 

Isobutyryl  chloride,  C^HjOCl         92*  _  — 

Itobutfframide,  C^HjO.NH^  was  prepared  by  Letts*  by  heating 
isobutyric  acid  with  ammonium  thiocyanate  : 

C^EL,O.On  +  HS.CN  -  C^HtO.NH,  +  SCO. 

A  smalt  quantity  of  isobutyrooitril  is  also  formed  according  to 
the  following  equation : 

C,H,O.NH,  +  COS  -  O^HjN  +  CO,  +  SH, 

iBobutyiamide  is  an  aromatic  smelling  crystalline  masi^ 
easily  soluble  in  water.  It  melts  at  100° — 102^,  and  sublimes 
easily  in  iridescent  scales,  and  the  liquid  boils  at  216° — 220°. 

IsatnUj/ronitril,  C^H^N,  is  formed  according  to  the  abore- 
mentioned  reaction,  as  well  as  when  secondary  propyl  iodide  is 
heated  with  potassium  cyanide.  It  is  a  peculiarly  aromatic 
smelling  liquid,  boiling  at  lOr — 108°. 


SUBSTITtJTIOH-PBODUCra   OF    ISOBCTTBIC   ACID. 

.The  monochlorinated  acid,  obtuned  by  the  action  of  chlorine, 
has  not  yet  been  obtained  in  the  pure  state.  The  crude  product, 
when  treated  with  alcohol  and  hydrochloric  acid,  yields  Sihyl 

I  Kcibig,  LUH^i  Am.  exer.  »6.  *  CAmr.  See.  Ja»n.  xzt.  lOM. 
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eMoriaobutyraie,   C^B/^Ot(Gfl;i.  a  liquid  boiling  at   1*T— 
150'.» 

Bromitobutyric  Add,  (CH,),CBr.OO^  is  formed  by  heating 
eqoal  molecules  of  the  acid  and  bromine'  to  140*.'  It  crystal- 
lizes {torn  alcohol  and  ether  in  white  tables  which  melt  at  48°, 
and  boils  wiUi  slight  decomposition  at  198*— 200°.  Its  ethyl 
ether  boils  at  160*. 
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COMPOUNDS    CONTAINING    FIVE   ATOMS  OF 
CARBON,  OR  THE  PENTYL  GROUP, 

383  The  compoiuids  of  this  group  are   derivatives  of  the 
following  isomeric  ptraffins : 

(I.)  ("). 

PtnUne.  laopanUm  or  Dimathjl-athjl-iiuntut. 

CH, 
CHj-CH,— 0H,-OH,— CH,  H,— CH,-<3h 

(HI). 

TetramBthyl-mBtluuie. 
CH, 

CH,— C— CH, 
OH,. 
Eight  alcoholB  oorrespondiDg  to  these  can  exist,  viz. : 


I 


Fentrl  ^oohol,  or 

Bntjl  Cubinol 

(p.  608). 

CH, 

CH 


CH, 
CH, 
CH, 
CH,OH 


(^8M). 
CH, 

CH.OH 

I 

CH, 

CH, 

CH,      , 


(p.  MS). 
OH, 

OH, 

I 

oaoH 

CH, 
CH, 
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Inactive  Amjl 

AlBoho),or 

iMbntjl 

C«-binol 

(p.6oe). 
CM,  CH, 

CH, 
CH,OH 


VI. 

Cu-binol 
(^  BIG). 

CH,  CH, 


CH.OH 
OH, 


VII. 
DinitliTl 

Ethjl 
Carlimal 
(p.  «1«). 

CH,  CH, 

VOH 

CH, 


Active  Amyl 
Akoholor 
BmumImt  Butyl 

Cftrbinol 
(p.  fllO). 

CH,  CHjOH 

c6    . 

CH, 

CH, 

VIII. 
TertiuTBatTl 
Cubinal  Ip.  017). 

CH, 
CH,— C— CH, 

CH,OH 
Of  these  alcohols  the^first  seven  are  with  certaioty  known. 


NORMAL  PBNTANE  AND  ITS  DERIVATIVES. 

384  Peniane,  C,Hj,,  was  discoTered  hy  Schorlemmer^  in  the 
light  oil  of  the  tar  from  cannel-coaL  It  is  «lso  found  in  the  pro- 
ducts of  the  distillation  of  Boghead  cannel  (Torbane  mineral), 
and  occurs  in  considerahle  quantity  in  FennsylTsaian  petroleum. 
It  is  an  easily  inflammable  liquid,  posseBsing  an  ethereal  smell, 
and  boiling  at  Sr— 39°,  and  having,  at  1T,&  specific  gravity 
of  0  6263,  that  of  its  vapour  being  2*49. 

The  first  jnroduct  of  Uie  action  of  chlorine  on  peptane  is  a 
mixture  of  the  primary  and  secondary  pentyl  chloride. 


NoBKAL  Pbimabt  Pentyl  Alcohol,  C,H„.0H. 

This  compound,  also  termed  butyl  carbinol,  or  normal  amyl 

alcohol  (No.  I.  on  the  list),  was  first  synthetically  prepared  by 

Lieben  and  BoseL     These  chemists,  starting  from  normal  butyl 

alcohol,  prepared  the  corresponding  cyanide,  or  the  nitril  of 

■  rka.Trwu.  I87S,  111. 
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peotylic  acid,  and  convgrted  this  first  into  normal  pentjUc 
acid,  tbea  into  the  aldehyde,  and  lastly  into  the  alcohol' 

This  alcohol  appears  alao  to  occur,  together  with  its  isome- 
rides,  in  fusel  oil*  In  addition  to  this,  it  has  heeo  prepared 
from  pentaoe  as  follows.  By  acting  with  chlorine  upon  pentuie 
a  mixture  of  primary  and  secondary  chlorides  is  obtained,  and 
these  cannot  be  separated  by  distillation.  If,  however,  the 
mixture  be  heated  with  glacial  acetic  acid  and  potasaiuin 
acetate  to  200',  pentylene,  CgHj^  is  obtained,  together  witb 
the  acetic  ethers,  and  these  latter  yield  the  alcohols  on  heating 
with  caustic  potash,  which  again,  when  subjected  to  fractional 
distillation,  can  be  completely  separated  from  one  another 
(Schorlemmer). 

Pentyl  alcohol  is  a  mobile  liquid,  Bmelling  like  fusel  oil, 
boiling  at  137*,  and  having  at  0°  a  specific  gravity  of  08296. 
The  following  primary  pentyl  compounds  have  been  prepared 
from  the  alcohol : 

B.P.  8p.  Gr. 

Pentyl  chloride,  C,HuCl                lOe'S  0-9013  at  0' 

Pentyl  bromide,  CjH^Br               128'-7  1-2460  0' 

Pentyliodide,     C,H,iI                   153'-4  1-5435  0° 

Pentyl  acetate,    C,H„OCC^O)     148*-4  0-8963  0° 


Mrran^PBOPTL  Cibbikol,  C,Hj.CH(OH).CHj. 

385  This  alcohol  (Na  II.  on  the  list)  was  first  prepared  I? 
Wurtz'  from  the  corresponding  pentyleae,  or  propyl  ethylene 
(ethyi-allyl)  by  combining  it  with  hydriodic  acid,  and  thus  con* 
verting  it  into  the  secondary  iodide.  This  was  then  converted 
into  the  acetic  ether,  and  lastly  into  the  alcohoL  Friedel '  then 
obtained  it  by  the  action  of  nascent  hydrogen  on  methyl-proj^I 
ketone ;  and  Belohoubek,*  who  obtained  it  in  the  some  way, 
investigated  the  reaction  more  completely,  and  determined  the 
conditions  under  which  the  best  yield  is  obtuned. 

Methyl-propyl  carbinoi  is  a  somewhat  thick  liquid,  smeUing 
like  fiisel  oil,  boiling  at  118'-5  to  lig°-5,  and  having  a  spe- 
cific gravity  of  0*8293.  It  contains  an  asymmetrical  carbon 
atom,  but  is,  however,  like  other  artificially-prepared  compounds 

.     »  J»n.  ak«i,  Pharm.  cUi.  70.  •  WjKbiMgndAy,  i 

'  Jinn.  Ckifa.  norm,  eilviu.  183.  *    '        «■  ■       — 

•  Btr.  DeutnA.  Okni.  On.  ix.  B21. 
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in  which  such  an  atom  occurs,  opticallj  inactive.  Le  Bel,  how- 
ever, found  that  if  its  aqueous  solution  be  brought  in  contact 
with  a  ferment  such  as  PenicUliwn  gtaiuntm,  and  allowed  to 
stand  for  a  short  time,  it  is  converted  into  the  Ifeyro-rotatory 
alcohoL* 

The  following  compounds  have  been  prepared  : 

B.P.  Sp.  Or, 

Methyl-propyl  carbyl  chloride     103-105°  09120  at  0° 

Methyl-propy]  carbyl  iodide        145-146'  15390  0° 

Methyl-propyl  carbyl  aceUte      133-135°  0-9222  0" 

Methyl-propyl  Ketone,  C,H^.CO.CHj,  is  formed,  together  with 
dimethyl  ketone  and  dipropyl  ketone  (butyrone)  and  other  pro- 
ducts, in  the  dry  distillation  of  a  mixture  of  acetate  and  butyrate 
of  calcium.*  It  has  also  been  synthetically  prepared  by  the 
method  already  described.  In  smell  it  resembles  common 
acetone,  boils  at  103°,  and  at  18*  hns  a  specific  gravity 
of  0-808.  Like  dimethyl  ketone  (p.  568),  it  yields  a  nitro- 
compound, CH(NO)C^j.CO.CHs,  which  crystallizes  from  al- 
coholic solution  in  prisma  which  melt  at  55°,  the  liquid 
boiling  between  183°  and  187°,  with  partial  decomposition.* 


DlFTHYI.  Caebisoi,,  (C^(),CaOH. 

386  This  alcohol  (No.  III.  on  the  list)  ia  formed  by  heating 
ethyl  formate  with  ethyl  iodide  and  zinc ;  this  reaction  corre- 
sponding closely  to  the  formation  of  methyl-ethyl  carbinol  (see 
p,  581.) 

The  secondary  alcohol  is  a  peculiarly  smelling  liquid,  boiling 
at  116°'5,  and  having,  at  0°,  a  specific  gravity  of  08315.  The 
following  derivatives  have  been  examined : ' 

B.P.  Sp.  Gr. 

Diethyl  carbyl  chloride  103-105°  0-916  at  0° 

Diethyl  carbyl  iodide  145-146°  1-528         0" 

Diethyl  carbyl  acetate  132°  09090       0° 

1  Campt.  Stud.  Ixzilx.  812  ;  BuU.  80c  Chin,  iiziii.  lOfl. 

*  Orimm,  An*.  Chtn.  Pharm.  olvii.  2G1. 

*  BatlsroT,  Bnlt.  Son.  Chim.  [2],  r.  IB ;  Wuliceniu,  Ann.  ChtM,  fftopm. 
cbotiri.  187i  oic.  157. 

*  Heyer  and  Itilblin,  Btr.  DevitA.  Chan.  Oa,  zi.  SaS  and  SSG. 
■  Wagnar  and  SajtmS,  LMig'i  Ann.  cUxt.  SGI ;  clxxix.  831. 
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If  the  iodide  be  heated  irith  alcoholic  potrah  ethyl-meth^l- 
ethylene  is  formed,  a  body  which  unites  with  hydriodie  acid  to 
form  an  iodide  of  methyl  propyl  carbinot^ 

Di^yl  Ketone  or  I^vpione,  (C^j)tOO,  is  fon&ed  byoxidiDog 
diethyl-carbinol,  and  by  distilling  calcium  or  barium  propionate, 
and  also  by  acting  with  zinc-ethyl  on  propionyl  chloride.  Its 
fonnation  &om  carbon  monoxide  and  sodium  ethylate,  discovered 
by  Wanklyn,  is  of  great  theoretical  interest ; 

CO  +  2  NaC,H,  -  CO(C,Hs),  +  Na, 
He  obtained  it  by  exposii^;  zinc-etbyl,  to  which  sodium  had 
been  added,  to  an  atmosphere  of  carbon  monoxide,  when  a 
black  compound  containing  zinc  and  sodium  separated  out.*  It 
is  a  pleasantly  smelling  liquid,  boiling  at  101°,  and  having  a 
specific  gravity  of  0829  at  0°. 


ISOPEHTANB   AND  ITS   DERIVATIVES. 

387  T»ope7ttane,  (CH^jCH(CjHJ,  was  first  prepared  by  Frank- 
land  by  heating  amyl  iodide  with  zinc  and  water  to  140°,  aod 
termed  by  him  amylic  hydride.'  It  b  also  found  in  Pennsyl- 
yanian  petroleum,*  and  in  the  products  of  distillation  of  caonel 
and  Boghead  coal.*  Isopentane  is  an  easily  mobile  ethereal 
smelling  liquid,  which  boils  at  30°,  and  at  14°  has  a  specilic 
gravity  of  06385,  the  specific  gravity  of  its  vapour  being 
2'557  (Pelouze  and  Cahours.) 

The  Amyl  Alcohow,  0,H„0. 

The  history  of  these  bodies  commences  with  the  discovery  of 
fusel  oil.  In  the  rectification  of  common  btaindy  made  fiom 
rye,  the  distillate,  obtained  after  the  greater  part  of  the  alcohol 
has  passed  over,  is  turbid  and  contains  fusel  oil,  first  obtained 
by  Scheele  by  cooling  down  these  liquids." 

Felletan  then  examined  a  similar  product  obtained  Irom 
potato-brandy,  but  as  it  contained  spirit  of  wine,  he  concluded 

>  WaffDOr  kud  S«ytzeff ;  'Wjacbnegndiikr,  LMig'i  Jim.  exe.  S47. 

■  Phil.  Mag.  nV],  SI,  30G.  •  QuaH.  Jmin.  Chan.  j^.  Ju.  U. 

*  Peloiue  and  Cshoun,  Ann.  Cktoi.  Fky*.  [4^  L  I  ;  Wamn,  Clwmieal  Nam, 
xUL  98  ;  Scborlaumer,  Aim.  CMtm.  Pharm.  dzi.  268 ;  Phil.  Trmu.  187S,  111 ; 
Jovm.  CHwm.  £k.  ir.  180, 

•  WiUkm%  a.  oxiv,  106.  •  Ordl,  Am.  1785,  i.  61. 
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that  it  ma  a  oompoaod  standing  between  this  latter  enfastanco 
aod  M)L  eth«Teal  oil.^  Damas,  who  afterwards  investigated  thg 
same  subject,  firand  that  a  large  quantity  of  a  liquid  may  be 
separated  by  fractional  diatilUtion,  boiling  at  131'''q,  and  this 
possessed  the  composition  CjHjjO,  from  which  an  analogy 
between  this  body,  alcohol,  and  the  ethers  might  be  assumed. 
Still  be  thought  it  more  probaUe  and  simpler  to  consider  this 
substance  as  a  body  analogous  to  camphor  or  to  the  ethereal 
oils.*  Some  yearq  afterwords  Cahours  investigated  its  chemical 
properties,  and  his  experiments  led  him  to  conclude  that  this 
substance  is  isomeric  with  ctanmoa  alcohd,  and  belongs  to  the 
natuial  series  of  which  wood-sjnrit  and  commoa  alcohol  form  the 
two  first  members.*  The  fuith^  investigations  of  this  chemist,^ 
as  well  as  those  of  Dumas  and  Stas,'  and  of  Balard,'  omfirmed 
this  view.  Cahours  gave  to  the  oompound  the  name  of  amyl 
alcohol  because  it  had  been  chiefly  found  in  spirit  obtained  from 
bodies  containing  starch  (amylum).  Balard,  however,  afterwards 
proved  that  it  occurs  in  fusel  oils  formed  in  the  fermentation  of 
grape  skins,  and  since  that  time  it  has  be«i  shown  to  occur  in 
all  fusel  oils. 

The  amyl  alcohol  thus  obtained  was  for  a  long  time  believed 
to  consist  of  one  distinct  compound.  Biot  first  drew  attention 
to  the  (act  that  this  body  possesses  the  power  of  rotating  the 
plane  of  polarized  light  to  the  left,  but  Putenr  pointed  out  in 
1855,  that  the  rotatory  powers  of  dlSerent  samples  of  amyl 
alcohol  vary  according  to  the  sources  from  which  tbey  ore 
obtained.  From  this  he  concluded  that  the  body  termed  amyl 
alcohol  is  a  mixture  in  varying  proportions  of  an  optically  ac^ve 
and  an  optically  inactive  compound.  In  order  to  separate  these 
two  bodies,  Pasteur  dissolved  the  mixed  alcohols  in  strong  sul- 
phuric acid  and  neutralized  with  barium  carbonate.  By  this 
means  he  obtained  two  barium-amyl  sulphates ;  the  one  derived 
bom.  the  inactive  alcohol,being  2-6  times  less  soluble  in  water  than 
the  other,  so  that  they  could  be  separated  by  repeated  crystal- 
lization. He  next  converted  them  into  the  sodium  salts  by 
addition  of  sodium  carbonate ;  these  he  distilled  with  sulphuric 
acid,  and  he  thus  obtained  the  two  modifications  of  liie  alcohol.' 

>  Ann.  CAim.  Fhyi.  p.],  xxz.  2S1. 

■  J6.  [IJ,  iTi.  81*  ;  Ann.  Pharm.  xiU.  80. 

»  Ann.  Chim.  Fhys.  [1],  In,  SJ  ;  Ann.  PAarnt.  m.  288. 

•  Ann.  Chim.  PAy».  [1]  lirv.  IM  ;  Ann.  Chem.  Pharm.  ittU.  IBI. 

•  Ann.  Chim.  Phya.  jl],  iniii.  128. 

•  /*.  [31  xii.  29* ;  ATin.  Chem.  Pharm.  lU.  Sll. 

'  Conqil.  Bend.  xli.  IH  ;  Aim.  Chem.  Pharm.  xcvL  £55. 
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These  two  substances  were  supposed  to  Ite  physical  isomerides, 
until  Pedler,^  by  investigating  their  products  of  oxidation,  ren- 
dered it  probable  that  they  do  not  possess  an  identical  chemical 
constitution.  This  conclusion  has  been  confirmed  by  other 
experiments  by  which  the  constitution  of  the  two  alcohols  has 
been  definitely  settled. 

Before  passing  to  the  consideiaUon  of  these,  it  may  be  well  to 
notice  acme  of  the  older  observations  concerning  the  fermenta- 
tion-alcohol  which,  it  is  to  be  borne  in  mind,  chiefly  consists  of 
the  inactive  alcohol.  Fermentation  amyl  alcohol  is  a  colooriess 
highly  refiracting  liquid  possessing  a  burning  taste  and  a  pene- 
trating Bmell,  boiling  at  ISl'-^lSS",  and  solidifying  at  — 21*. 
Inhalation  of  its  vapour  produces  difficulty  of  breathii^,  cough- 
ing, headache,  and  giddiness.  When  taken  inwardly  it  exerts  a 
much  more  powerful  effect  upon  the  animal  organism  than  com- 
mon alcohol,  bringing  about  intoxication  and  coma.  According 
to  Dujardin-Beanmets  and  Andig^,  the  toxic  action  of  all  the 
fermentation-alcohols  increases  with  their  moleculai  we^ht* 

When  amyl  alcohol  is  heated  with  zinc  chloride,  a  distillate 
is  obtained  which  was  formerly  believed  to  be  a  mixture  of  amy- 
lene,  O^H,,,  and  its  polymeric  modifications,  and  it  was  thought 
that  these  bodies  were  formed  simply  by  the  removal  of  the 
elements  of  water  from  the  alcohol  Wurts,  however,  showed 
that  a  complex  reaction  here  takes  place,  and  that  a  series  <^ 
homologous  olefines  is  formed,  together  with  isopentane  and  its 
homologues.' 

Amyl  alcohol  is  used  in  commerce  for  the  preparation  of 
valeric  acid  and  some  few  of  its  ethers,  and  also  as  a  solvent  for 
several  organic  bodies. 

iNJLcnvE  Amtl  Alcohol,  laoPEHTfi.  Aicohol,  ob  Isobiittl 
Cabdinol. 

38S  The  constitution  of  this  body  was  first  determined  by 
Erlenmeyer.  He  started  from  isobutyl  alcohol  and  prepared 
valeric  acid  sjmthetically,  by  means  of  the  nitril  reaction,  and 
found  that  this  acid  possesses  all  the  properties  of  that  obtained 


>  Am.  Chan,  fkann.  cxlrii.  213 ;  /mini.  Chan.  Boc.  xxL  74. 

■  Camft.  Raid.  Izxii.  192;    Ber.  AhImL   CkeM.  Ou.  viu.  ISIS;  Me  ■!«■ 
Babnteao,  Compt.  Bend.  Inii.  631. 

>  CWi^  Sand,  In.  1101, 12Ui  Afm.  (Hum.  Pbtm.  cxxriiL  S3S. 
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by  oxidation  of  the  inactive  atnyl  alcohoL*     Heoce  ita  oonstitu- 
tion  ia  that  of  No.  IV.  on  tiie  list  (p.  603),  viz. : 


§^CH— CH,-<3H,0H. 


The  accai«cy  of  this  conclusion  was  confirmed  by  the  experi- 
ments of  Fmnkland  and  Duppa.  They  proved  that  iaopropyl- 
acetic  acid  obtained  by  synthesia  is  also  identical  with  valeric 
acid.'  Lastly,  Balbiano  found  that  the  alcohol  can  be  prepared 
synthetically  from  isobutyl  alcohol,  by  the  aame  process  as  that 
adopted  by  Liefaen  and  Rossi  for  obtaining  the  normal  alcohol 
from  primary  butyl  alcohol* 

The  optical  properties  of  the  inactive  alcohol  are  almost  the 
only  means  by  which  it  can  be  distinguished  from  the  fermenta- 
tion^alcohol.  It  boils  at  131°'4,  and  has  at  0°  a  specific  gravity 
of  0*8238.  It  occurs  in  camomile  oil  *  as  the  ethers  of  angehc 
and  tigUc  acids.  The  following  derivatives  of  the  pure  inactive 
amyl  alcohol  have  been  already  prepared.  They  may  be  termed 
the  o-amyl  compounds : 


».Aiiijl  chloride,  C,H„a 
a-Amyl  bromide,  CjH„Br 

B.P. 
98'-9 
120°-4 

Sp.([r.»lO., 
0-8928 
1-2358 

«-Amylaeetote,    0^„O(C,H,O) 
.^Amjl  ™ler«te,  C,H„0(C,H,0) 
» B-Amylaniuie,       C(H„NH, 

138*-6 
190-.3 
96"-5 

0-8838 
0.8700 

•-Diamjlaimiie,   (C,HJ^H 
o-Triamylanmie,  {CjH,^ 

185"-0 

23ro 

Acnvz  Amyl  Alcohol. 

389  This  was  prepared  by  Pasteur  and  by  Pedler  from  the 
fermentation-alcohol  in  the  mode  already  described.  Accord- 
ing to  Le  Bel  it  is  also  obtained  from  the  latter  componnd 
by  saturating  it  with  hydrochloric  acid,  which  first  acts 
upon  the  inactive  alcohol     The   chlorides  are  then  distilled 

>  Jnn.  Chem.  Fharm.  Bnppl.  T.  S37. 

■  Pedler,  Uc.  eit. ;  ErlenmeTer,  Ber.  Druftch.  Clam,  Oti.  iii,  SM. 

>  Ber.  DtaUA.  Chem.  Ott.  iz.  Ii37  anil  1692. 

*  Kobig,  IAbig'tji»».  ciev.  SB. 

*  Plimpton,  OoMpL  Seiut.  xd,  48S, 
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off,  and  the  reeidae  haated  repeatedly  vith  hydrochloric  and 
until  about  one-ninth  of  the  original  liquid  remaina  anadeii 
upon ;  this  consists,  to  a  great  extent,  of  the  leTTo-rotato; 
alcohol^  The  first  portions  of  the  chloride  can  be  worked  up 
for  the  inactive  alcohol  and  its  derivatives.  The  above-named 
amines  were  obtained  from  a  chloride  obtuned  in  this  way. 

Active  amyl  alcohol  has  evidently  not  yet  been  obtained  pun, 
as  the  rotatory  power  of  the  different  preparations  has  been 
found  to  be  very  different.  It  boUs  about  128*,  and  amelli  like 
the  fermentation-alcohol,  but  Las  rather  a  more  fruity  flavour. 
The  remarkable  fact  that  the  derivatives  of  this  levro-rotabu^ 
amyl  alcohol  turn  the  ray  of  polarization  to  the  right  has  been 
observed  by  Le  BeL  Another  interesting  fact  is,  that  tlie 
aqueous  solution  of  the  levro-rotatory  alcohol  is  converted  by  the 
action  of  a  mucor  into  the  dextro-rotatoiy  alcohol  which  bails 
at  127",  and  yields  a  levro-rotatoiy  amyl  iodide,*  When  tin 
levro-rotatory  alcohol  is  heated  for  some  time  with  soda  or 
potash,  or  when  it  is  converted  into  sodium  amylate,  the 
regenerated  alcohol  is  found  to  have  lost  its  optical  actirit;; 
the  same  chuige  occurs  when  it  is  heated  under  [x^asure.  It  ia 
not  improbable  that  a  part  of  the  alcohol  ia  here  converted  into 
the  dextro-rotatory  modification,  and  that  then  a  condition  of 
equilibrium  is  attained,  so  that  the  optical  properties  <rf'die  tvo 
phymcal  iaomerides  neutralize  each  other.  The  constitntioD  of 
the  active  amyl  alcohol  is  probably  represented  by  the  formula 
(Mo.  V.  on  the  list,  page  603) : 

HO.C^°=-™.-«H.. 

and  for  the  following  reasons.  Theoretically,  foar  {Himar; 
pentyl  alcohols  may  exist  independent  of  optical  isomeridea 
Of  these  only  the  one  possessing  the  above  constitution  contains 
an  asymmetrical  carbon  atom,  a  well-known  characteristic  of 
optically  active  bodies.  In  addition  to  this,  the  active  alcohol 
yields  on  oxidation  an  acid  which  closely  resembles  synthetically 
prepared  methyl-ethyl-acetic  acid,  CHgCC,HJCH.CO,H,  which 
has  not  yet  been  thoroughly  investigated.  It  ia,  however,  dis- 
tinctly different  &om  the  three  other  known  pentylic  acids  whose 
possible  existence  is  pointed  to  by  theory. 
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The  following  derivatiTes  of  the  active  alcohol,  which  may  be 
tanned  ^-amyl  compounds,  have  been  prepared : ' 

B.F.  Bp.  6r.  *t  0*. 

>3-Amyl  ©hloride/  CjH„Cl        97-98'  0-886 

>9-Amyl  bromide,  CsH„Br    117-120"  1-225 

ft-Amjl  iodide,     C.HuI       IW-liS"  1-540 


THE  AMYL  COMPOUNDS. 

390  The  amyl  compounds  derived  irom  the  fermeutation-alcohol 
have  been  much  more  lully  investigated ;  but  inasmuch  as  thia 
liquid  13  a  mixture,  its  derivatives  are  not  pure  subetances,  the 
compounds  of  the  inactive  alcohol  being  p-esent  in  largest 
quantity.     These  may  be  simply  termed  the  amyl  compounds. 

The  Ahtl  Ethebs. 

Sthyl-Amyl  Ether,  C^e(CjHu)0,  was  first  prepared  by 
Balard,  by  heating  amyl  chloride  with  alcoholic  potash.  It 
was,  however,  believed  by  bun  to  be  amyl  oxide,  until  William- 
son showed  that  the  same  compound  is  obtained  by  acting  ou 
amyl  iodide  with  sodium  ethylate  *  (see  p.  329).  According  to 
Qutbrie,  etbyl-amyl  oxide  is  best  prepared  by  dissolving  caustic 
potash  in  boiling  amyl  alcohol,  and  then  adding  eibyl  iodide, 
when  a  con^derable  evolution  of  heat  takes  place,  but  at  last 
the  reaction  most  be  aided  by  heat.'  It  is  an  ethereal-smelling 
liquid  boiling  at  112°,  the  vapour  of  which  has  a  specific  gravity 
of  4-042. 

Meihyl-Amyl  Ether,  CH,(C(Hj,)0,  is  obtained  in  a  similar 
manner,  and  boils  at  92°  (Williamson). 

Diamyl  Sther,  or  Amyl  Oxide,  (C,Hi,),0,  was  first  prepared 
by  de  Glanbry,*  and  afterwards  by  Biedcher,*  by  heaUng  the 
alcohol  with  sulphuric  acid,  when  the  oxide  is  formed  tt^ether 
with  a  number  of  by-products.  Williamson"  obtained  it  by 
acting  on  sodium  amylate  with  amyl  iodide,  and  Wurts '  pre- 
pared it  tt^ther  with  amylene,  by  acting  on  the  iodide  with 

>  U  Bd,  Bull  Soe.  Chin.  [2],  xit.  ME. 

■  Quart.  Jomm.  Oiem.  Soe.  jr.  2SS.  *  nil.  Mag.  [4],  iIt.  1M. 
•  Am.  Chan.  J^arm.  ilir.  138.  •  lb.  briv.  839. 

■  Quart.  Joum.  Chtm.  Ssc  lOS,  231.  '  Jsn.  CA^m.  l*g*.  [31  jM.  223. 
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silver  oxide.  According  to  Friedel,  it  ia  best  obtuned  by 
faeatiDg  10  parts  of  the  alcohol  with  1  part  of  unyl  iodide, 
for  eevera)  hours,  to  100°^  (see  p.  331).  It  is  an  unpleasantly 
smelling  liquid,  boiling  at  176°,  having  at  0°  a  specific  gravity 
of  0-7994.  that  of  its  vapour  being  5535. 

Akyl  Haloid  Ethebs. 


B.P. 

8p.  Or. 

•t 

•  Amyl  chloride.  C,H„a 

100"-9 

0-8859 

0* 

'  Amyl  bromide,  CjH^iBr 

118*-7 

11658 

ir 

'  Amyl  iodide,     0,H„I 

itri 

1.-4676 

(r 

Aicth  Ethebs  of  Ihobcusic  Aom. 

•  Amyl  sulphite,  CC.H,i)^,        — 

•  Hydrogen  amyl  sulphate,  H(CjHij)S04 


'  Amyl  nitrite, 

C.H„NO. 

99- 

0-902 

— 

'Amyl  nitrat«. 

C,H„NO, 

148' 

l-OOO 

r 

"  Amyl  phosphite. 

(O.UJ^O. 

— 

— 

— 

*o  Amyl  phosphoric  acids 

— 

— 

— 

"  Amyl  borate. 

(C.H,0,BO. 

251" 

0-872 

0' 

»  Amyl  silicate. 

(C.H,J,SiO. 

322-325° 

0-868 

20" 

"Amyl  carbonate. 

(C,HJ,CO. 

226- 

0-91* 

— 

Amyl  Ifitrite.  This  important  compound  is  obtained  by 
passing  nitrous  fumes,  obtained  by  the  action  of  nitric  acid  on 
starch  or  arsenic  trioxide,  into  amyl  alcohol ;  or  by  dissolving 
amyl  alcohol  in  its  own  volume  of  sulphuric  acid,  and  heating 
the  mixture,  after  it  has  become  cold,  with  a  solution  of  26 
parte  of  potassium  nitrite   in   15   parts  of  water,   and   then 

'  B«r.  LeatiA.  Chtm.  Oa.  a.  715. 

'  Ckhoon  ;  Btlud;  Baff,  Jhh.  Chem.  FharnL,  czlTiiL  3E0. 

■  Cdiaiin ;  Elketolf,  Ber.  DeuttcK  Chtm.  6a.  t1  1268. 

*  ORhonn ;  FnuikUnd,  Quart.  Jmrn.  CImn.  Son.  iii.  SO. 

*  Cuin  ud  Frica,  Ann.  Chem.  Fharn.  ax.  1 ;  C&honn,  czL  BS. 

■  Cahonn  ;  KekoU,  ^nn.  Chtm.  Fkam.  ]xzv.  275. 

'  BaUrd,  Qathru,  Quart.  Jmirn.  Ouwi.  See.  n.  US;  Nmdler,  Anm.  CStok 
Fharm.  cxvi.  178 ;  mXffa,  Rcmuud,  Jahrab.  1871,  SfiS. 

■  Rieckher,  Anii.  Chem.  Phtrrn.  IxIt.  3S<  ;  UofnMim,  ib.  liTul  S3S ;  Chapmu 
•nd  Bmith,  /aunt.  Cftem.  Soe.  ii.  581. 

*  WUliMtuoD  and  Bailton,  Proe.  Btiy.  Soe.  viL  131 ;  UDaKhntkin,  Antt.  Ciem. 
Pkamt.  dizix.  348. 

>*  Guthrie,  Jaum.  Chem.  Soe,  ix.  181  :  Enint,  Attn.  Cheni.  Fharm.  exriii  lOS. 

»  Schiff,  Aon.  Chem.  Pharm.  Snppl.  v.  187. 

"  Ebalmen,  ib.  Itu.  SSI. 

"  Vedlock,  ijttart.  Joum.  Chem,  Soe,  i  B70  ;  BmM,  tS.  t.  ISl. 
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distilling.  Amyl  uitritfl  ia  &  I^ht  yeUov  liquid  poasessing  a 
peculiar  atnpefying  smell,  and  its  vapour,  when  inhaled  in 
small  quantity,  ptoducea  a  flusluDg  of  the  countenance,  rash 
of  blood  to  the  head  vhich  may  increase  up  to  insensibility,  and 
a  quickening  of  the  pulse  due  to  an  increase  in  the  area  of  the 
blood-vessels,  and  a  diminution  of  the  controlling-power  of  the 
contractile  fibre&  These  symptoms  disappear  again  very  quickly. 
On  account  of  its  peculiar  physiolt^cal  action  amyl  nitrite  is 
employed  in  medicine,  and  is  said  to  have  been  beneficially 
employed  in  epilepsy,  asthma,  in  certain  cases  of  hypochondriasis, 
and  in  angina  pectoris. 

Amyl  nitrite  has  a  peculiar  disagreeable  smell,  and  its 
vapour,  like  that  of  ethyl  nitrite,  is  very  explosive. 

Ahyl  Ethebs  of  the  Fattt  Acids. 

B.P.  Bp.  Gr,  at 

» Amyl  formate,       CjHuOfCHO)  116"  0874  21° 

*  Amyl  acetate,        0,HuO(C^O)  IZT  0-8837  0° 

*  Amyl  propionate,  C,HuO(C,H:jO)  155'           —  — 

*  Amy!  butyrate,     C,HuO(C.HjO)  176"  0-852  15' 

Amyl  Acetate  is  obt^ned  by  warming  a  mixture  of  one  part 
of  sulphuric  acid,  two  parts  of  amyl  alcohol,  and  two  parts  of 
acetic  acid,  and  distilling.  It  has  an  aromatic  ethereal  smell 
which,  when  the  ether  is  diluted  with  alcohol,  resembles  the 
smell  of  Jargonelle  pears.  Hence  it  is  used  for  the  preparation 
of  pear-essence.  It  is  usually  prepared  for  this  purpose  &om 
potato  fusel-oil,  and  10  parts  of  the  ether  are  mixed  with  (ana 
part  of  acetic  ether  and  80  parts  of  rectified  spirit,  and  a  few 
drops  of  oil  of  lemons  or  oil  of  bergamot  added. 

Ahtl  Sulfhub  Coupounds. 

RP.  Sp.  Gr.  It 

» Amy!  hydrosulphide,  C(Hu.SH  119°-5        0-835        21° 

*  Amyl  sulphide,  (C(H„),  8213-214°  —  — 
T  Etbyl-amyl  sulphide,  C,h:j(CjHii)S       160°           -  — 

'  Kopp,  Ann.  Cigm.  Fliarm.  It.  1S3.  '  Ctiimm  ;  Eopp,  ib.  zdr.  3M. 

■  WnghUon,  iA.  xe.  tS.  *  De]ff^  ib.  xdL  27S. 

*  Balard ;  Kmtttch,  /tntrn.  FmJct.  Chan.  zxd.  1. 

*  Balud  ;  Becknumn,  H.  [S],  xvii.  UO. 

'  aajUett,  Aiut.  Chtnt.  Phann.  cinrix.  S61 ;  Beckmnn. 
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Amyl  Telturide,  (CfHj,),Te,  was  prepared  hf,  Wohler  and 
Bean  by  heating  potuaum  telluride  with  a  Bolutioa  <^  potas- 
sium amyl  sulpliate.  It  is  a  reddish  yellow  heavy  liquid,  baviiig 
a  most  uopleasant  smell.  It  boils  with  partial  decompgeitioa 
at  198',  and  is  conrerted,  on  expooore  to  air,  into  the  oxide 
(C,Hu),TeO.^ 


Amtl  NrrBOOBK  Cokpouitds. 


B.P. 

SiLOr, 

mt 

AmjlamiDe, 

(C.H„)NH, 

95" 

0-7503 

18- 

(C,H„),NH 

170* 

0-7825 

0* 

Truunylamioe, 

(C,H,0.1f 

nr 

— 

— 

C,H„.NO 

IV 

— 

— 

Amyl  carbimide. 

C,H„N.CO 

100" 

— 

— 

Amyl  tbiocyaimte, 

C,H„S.CN 

isr 

0-905 

20' 

•  Amyl  thiocarbimide,  CiHuN.CS    183-184'  —  — 

Niiropentam,  CgH^NOj,  u  f(MiDed  by  (be  action  of  amyl 
iodide  on  silver  nitrite.  It  has,  however,  not  been  obtained  in 
the  pun  state,  as  it  is  difficult  to  separate  it  from  the  amyl  nitrite 
formed  at  the  same  time,  although  the  latter  boils  60'  lower. 
It  is  a  light  Uquid,  smelling  like  the  rest  of  the  amyl  com- 
pounds,  and  boiling  between  150"  and  160°,  and  diasolring  only 
with  difficulty  in  caustic  potash.' 


Ann.  Phosfhoecb  Coui>onND6.' 

B.P. 
Amylphosphine,     (C(H,^PH,     106-lOr 
Diamylphosphine,  (C,Hi5,PH      210-215' 
Triamyl^oqihine,  (Cg^),?  300° 


1  ^im.  CSem,  Pluirm.  leriL  1.  . 

*  Wnrtz,  ti.  Lud.  826:  IxztL  317;  Hofniuiii,  a.  IxzIt.  118;  Ixxr.  SU; 
IciTia  27S ;  IxiJx.  20 ;  SUrk,  GompL  Btnd.  heir.  12». 

■  Hofrouui,  ^iiii.  (7A«a,  PAarm.  cxUt.  114 ;  ozItL  107 ;  OaaUor,  A,  czln. 
lis,  IM. 

*  Wnrtz,  Cofuft.  Bt»d.  nix.  18S. 

•  MHUock,  Ain.  Chan.  P/iotth.  Ldx.  211 ;  Quart,  /gitni.  Omn.  Ac  L  S7t ; 
BeniT,  Jount,  PraeL  Cl>em.  zlri.  181. 

■  Ho&nuii,  Ser.  AwtaA.  Chtn.  Oti.  I  17S. 
'  T.  Uejer,  Amt.  CktM,  PKarm.  dxxL  iS. 

•  HiAdjuui,  At.  DmtteA.  Cftm.  Om.  Ti.  UT. 
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Ajctl  Ahtmomt  Compodhds.* 


Antimoay-diamyl,  (0,H,,)^SI^ 
Antimony-triamyl,  (OjHjJ^b. 


Ahtl  Metallic  Compounds. 


B.P. 

Sp.  Or.- 

at 

■Kno-amjl, 

(0,H,0^o 

220* 

1-022 

0" 

*  Mercaty-omyl, 

CO.H,0^ 

— 

1-6663 

0- 

(O.HJ^b, 

— 

— 

«  Tin-tetramyl, 

CC.HJ> 

— 

— 

*  Amyl-tin  iodide. 

(C,HJ>I 

302-305" 

— 

— 

Amyl-tin  hydroxide,  (C,H„)^uOH  .  335-338* 


Mbthtl-isophoptl  Cabbinol,  (CH5,,CH{CH0H)CH,. 

391  This  second&iy  alcohol  (No.  VI.  on  the  list)  is  formed  by 
the  action  of  sodium  amalgam  on  an  aqueous  Bolution  of  the 
corresponding  ketone,^  as  well  as  when  hromacetyl  bromide  is 
treated  with  zinc-methyL  A  thick  liquid  is  formed  after  stand- 
ing  for  several  weeks,  and  this  is  decomposed  by  water,  with 
formation  of  the  secondary  carbinoL  The  mechanism  of  the 
last  reaction  has  not  yot  been  explained.*  The  carhanol  is  a 
sweetly  smelling  liquid,  boiling  at  lll'-llS",  and  having  at  0° 
a  specific  gravity  of  0'819.' 

Hygroscopic  substances  easily  split  it  up  into  water  and 
trimethyl  ethylene,  (CH,),C  =  CHCCHj),  an4  for  this  reason, 
on  treatment  with  phosphorus  chloride,  bydriodic  acid,  &c.,  it 
yields  the  tertiary  alcohol,  and  not  the  corresponding  ethers. 
Its  haloid  ethers  may  be  obtained,  however,  by  combining  the 
hydracids  with  isopropyl  ethylene,  (CHj)jCH.CH  =  CH^  which 
can  be  obtained,  together  with  an  isomeric  olefiue,  by  heating 
common  amyl  iodide  with  alcoholic  potash. 

■  B«t1«,  yjnii.  dan.  J'Aorm.  xcrii.  SIS  ;  Cimmer,  Jahrah.  18G5.  SM. 

'  Fnnkkiid,  Quart.  Joun.  Chrm.  Sue.  tI  Si;  Fnnklaiid  uxd  Doppa,  Journ. 
Chtm.  Soc,  xviL  S2. 
I  Fnnklind  and  Dtippa,  H.  ztL  430.  *  Kllppel,  JahrtA  1860,  SS8. 

■  Orium,  jtim.  Chan.  Pkarm.  xcii.  S8S. 

*  Cahoun  and  Dcmai^jr,  Catajil,  Bead.  Izzxii.  08, 
'  Hiinch,  Ann.  Chrm,  Pham.  clxjtx.  839. 

*  Winogndow,  d.  cxeL  ISG.  *  WradUMgradtkr,  H>.  czc.  S88. 
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B.P.  Sp.Gr.  It 

Secondary  amyl  chloride,  C,H„C1               91'  0-883  - 

Secoudaiy  amyl  bromide,  C,Hi,Br      115-116°  —  — 

Secondary  amyl  iodide,      C,H„I         137-138°  —  - 

If  these  ore  heated  with  -water  and  silver  oxide,  or  lead  oiide, 
Ht6  tertiary  alcohol  is  formed. 

MOkyl-propyl  Ketone.  (CH^,C.H.CO.CH^  ia  prepared  by  the 
usual  method  from  calcium  isobutymte  and  calcium  acetate; 
and  also  by  the  decomposition  of  dimethyl  aceto-acetic  ether.  It 
is  a  liquid  boiling  at  95°,  and  having  at  0°  the  specific  gnnty 
0-822. 


Dimkthtl-fthtl-Cahbikol,  {CH^,(C,H^COtt 

391  This  tertiary  alcohol  (No.  YII.  on  the  list)  is  formed  in 
an  analogous  way  to  tertiary  butyl  alcohol  by  acting  upon 
propionyl  chloride  with  zinc-methyl,  and  decomposing  the 
crystalline  product  by  water.'  It-may  be  more  easily  prepared 
from  commercial  amyleoe,  obtained  from  the  fermentation- 
alcohol,  which  contains,  together  with  the  above-nientiotted 
isopropyl  ethylene,  its  isomeride,  trimetfaylethyleoe.  Tim 
latter  combines  with  slightly  diluted  sulphuric  acid  oa  shak- 
ing in  the  cold,  and  if  the  solution  be  then  distilled  vith 
water,  the  tertiary  carbinot  is  obtained,*  The  carbinol  vu 
obtained  at  an  earlier  date  by  Wurtz,  but  mixed  probsblj 
with  au  isomeric  alcohol.  He  obtained  it  by  treating  tbe 
above-mentioned  mixture  of  amylenes  with  hydriodic  acid, 
and  ac^g  upon  the  products  with  moist  silver  oxide  in 
tbe  cold.*  He  called  this  new  isomeride  of  tfae  fermentation- 
alcohol  amyltTU  hydrate.  It  was  afterwords  considered  to  be 
a  secondary  alcohol,  until  further  investigation  revealed  its 
true  nature. 

Tertiary  amyl  alcohol  is  a  peculiar  aromaUc-smelling  liqnid, 
boiling  at  lOZ'-S,  solidifying  in  a  freezing  mixture,  fonaing  long 
whit«  needles  which  melt  at  12°,  and  having  a  specific  gravity 
at  0°  of  0-827. 


'  Fopoff,  ^11*.  Chnt.  FhtBt^.  ciIt,  39!  j  Wy* 
*  Wjiduuvrmdaky,  loceiL;  FUwitikv,  ib.  elzziz..34S  ; 
Ckcm.  at*.  ruL  £12,  ISIO. 
■  At».  Cktm.  PAoTM.  cxxT.  Ill;  cxxrU.  2M;  exdz.  S«5. 
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B.P.  Sp.  Or.  ftt 

Tertiary  amjl  chloride^  C,H„C1                    86"  0'889  O" 

Tertiary  amyl  bromide,  C,H„Br           108-109'.  —  0° 

Tertiary  amyl  iodide,     0,H„I             127-128°  1-524  0° 

Tertiary  amyl  acetate,   C,H„0(C^O)      125°  —  0' 

Tertiary,  amylamine,     C,HuNHj              78-5  —  0' 


TETRAMETHYL    HBTHAl^B   AND    ITS 
DERIVATIVES. 

393  TeiTaTMiKyl  Methane,  C(CH^^,  a  fonned  by  acting  witli 
zinc-methyl  on  tertiary  butyl  iodide  or  on  propidene  dichloride, 
(CH,)gCClj,  a  body  obtained  by  treating  dimethyl  ketone  with 
phoapborua  pentachloride.  It  is  a  mobile  liquid  boiling  at  !)°'5, 
and  solidifying  vhen  placed  in  a  freezing  mixture  to  a  mass  of 
delicate  crystals  which  melt  at  — 20°.* 

The  derivatives  of  this  paraffin  hare  not  as  yet  been  directly 
prepared  from  the  hydride.  By  the  action  of  chlorine,  the  first 
substitution-product  is  said  to  be  a  primary  chloride  from  which 
other  compounds  might  be  prepared,  such  as  the  alcohol 
(Cl^}3C.0HjOH,  whose  corresponding  acid,  trimethylacetic 
acid,  is  known  and  will  be  subsequently  described. 


THE  PENTOIC  OR  VALERIC  ACIDS. 

394  PeiUoic,  or  Normal  Vaieric  Acid,  C^H^  COjH,  was  prepared 
by  Lieben  and  Rossi  by  heating  one  of  the  haloid  ethers  of 
normal  butyl  with  alcohol  and  potassium  cyanide  for  two  days  to 
100° — 101°,  when  pentonitril,  C^HgCN,  is  formed,  a  liquid  -which 
has  a  specific  gravity  at  0°  of  0-8164,  and  boils  at  liO'-l.  *  For  the 
purpose  of  preparing  the  acid  it  is  not  necessary  to  obtain  the 
nitril  in  the  pure  state,  but  the  product  of  the  reaction  is  dis- 
tilled in  order  to  remove  potassium  iodide,  and  the  distillate  is 
boiled  with  caustic  potftsh  in  connection  with  an  inTerted  con- 
denser as  long  as  ammonia  is  evolved.  The  alcohol  is  then 
removed  by  distillation,  and  the  acid  separated  from  the  residue 
by  meuiB  of  sulphuric  acid.'  It  is  also  obtained,  tc^ether  with 
paraffins  and  normal  homologous  acids,  when  fats  are  distilled 

>  Lwow,  ZeiUch.  Clum.  vi.  620  ;  tiL  267. 
'  Ann.  Chen.  Pharm.  cWiii.  171. 
*  J.1M.  Clum.  Pkarm.  elix.  U. 
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vrith  Huperheated  steam.^  It  U  a  liquid  resembling  in  smell 
normal  butyric  acid,  boiling  at  185',  and  having  a  sped6c 
gravity  at  0°  of  0-9577. 

Of  its  salts,  ealeiam  ptntoate,  (C^H,0,)iCa  +  H,0,  ia  the  roost 
characteristic.  This  crystallizes  in  scales,  having  a  &tty  loatre, 
and  is  more  easily  soluble  in  cold  than  in  hot  water.  When 
intimately  mixed  with  calcium  formate  and  the  mixture  sub- 
mitted to  dry  distillation,  pentaldehyde,  C^H^COH,  ia  obtained 
amongst  other  products ;  it  is  a  liquid  possessing  a  peoettating 
odour,  and  boiling  at  102°. 

Ethyl  Fenioate,  0,11,0(0^11,0),  is  a  pleasantly  smelling  liquid 
boiling  at  14&-6. 

Valeraldehyde,  CjHj„0,  This  substance,  formerly  teraied 
valcral,  ia  produced  on  the  moderate  oxidation  of  amyl  alcohol.' 
It  is  a  mol^e  liquid,  possesaiog  a  suffocating  smell  and  exciting 
coughing.  It  boils  at  92°'5,  and  at  17*  has  a  specific  gravity  of 
0'8057.  It  forms  crystallioe  compounds  with  ammonia  and 
the  acid  sulphites  of  the  alkali  inetal& 

Inactive  Valeric  Acid,  or  IsopeiUoic  Acitl,  (CHj,)jC,HyCO^, 
was  discovered  in  1817  by  Chevreul  iu  dolphia  oil  (from 
Ddphinug  glolneepe  and  D.  pkocana),  and  termed  delphinic  add, 
or  phocenic  acid.*  An  acid  identical  with  this  was  discovered  a 
year  afterwards  in  the  berries  of  Viiumitm  opuliu,  and  about 
the  same  time  Pentz  noticed  that  distilled  water  placed  on 
small  valerian  root  {Valeriana  ojidnalie)  becomes  sour;  and 
Qrote,  in  1830,  investigated  this  more  exactly,  but  left  it  unde- 
termined whether  this  is  a  peculiar  acid  or  acetic  acid  mixed 
with  an  ethereal  oil.  Tromadorff  then  showed  that  valeric  acid 
is  a  distinct  compound  and  determined  its  composition,*  It 
was  soon  ascertained  that  this  is  identical  with  the  acid 
obtained  from  amyl  alcohol  and  from  the  dolphin  oil.^  Valeric 
acid  is  also  found  in  small  quantities  in  other  fish  oils,  in 
perspiration,  and  other  animal  liquids;  and  it  occurs  tolera'bly 
widely  diffused  in  the  vegetable  kingdom,  existing  most  abun- 
dantly in  the  small  valerian  root  (Louis  Xi.  Bonaparte).  It  ia 
also  found  in  the  roots  of  Angelica  arcAangelica,  AthanuuUia 
oreoaelinum,,  in  the  bark  of  Viburnum  optUva  (the  wild  guelder- 
rose),  and  in  the  alburnum  of  Sambtiejis  nigra  (the  elder),  &c 

.    '  Ckhoun  >nd  Damaic&j,  Cmnpt.  Smd.  Ixxx.  ISSS  ;  Ixixriii.  ^1. 

■  DiiDiM  aiiU  SUi;  P&rkiiiacni,  Ann.  Chen.  Phann.  kc  lUj  Ebenbftch,  it. 
CTi.  3S3  ;  Koiba  and  Guthrie,  it.  cix.  2»S. 

•  -SccAonAo  tur'ltt  Conn  Ona,  JOT.  *  A\ 

*  Ddquu,  Fogg.  Ann.  lix.  6S6 ;  ComfUe  Bttid.  i 
PraU.  Chtm,  Ixir.  49G. 
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Valeric  acid  was  formerly  obtained  bj  distilling  valerian  root 
witb  water.  The  distillate  which,  in  addition  to  the  acid, 
contains  an  ethereal  oil,  is  neutralized  with  Boda,  the  aqueous 
solution  concentrated  and  decomposed  by  sulphuric  acid.  The 
acid  is  now  obtained  by  oxidizing  fermentation  amyl-alctdud 
when  it  is  obtained  with  a  lai^r  or  smaller  admixture  of 
optically  active  acid ;  and  this,  for'  the  objects  for  which  it  has 
to  be  employed,  does  not  signify.  In  onler  to  prepare  it,  a  mix- 
ture of  one  port  of  amyl  alcohol  and  39  parts  of  sulphuric  acid, 
is  gradually  added, to  a  mixture  of  o'l  parts  of  potassiun^ 
dichromate  and  four  to  five  porta  of  water,  and  the  mixture 
distilled.  An  aqueous  solution  of  the  acid  comes  over,  to- 
gether with  valeraldehyde  and  amyl  valerate,  which  separate 
out  AS  a  light  oily  layer.  The  whole  distillate  is  then  neutral- 
ized with  carbonate  of  soda  and  shaken  up  until  the  aqueous 
solution  has  a  slightly  alkaline  reaction.  This  is  then  separated 
from  the  upper  layer,  concentrated  by  evaporation,  and  valeric 
acid  liberated  from  the  residue  by  means  of  sulphuric  acid.'  In 
order  to  obtain  the  pure  acid,  either  the  pure  inactive  alcohol 
must  be  usedi  or  the  acid  must  be  synthetically  prepared  from 
isobutyl  iodide,  which  is  first  transformed  into  the  nitril,  and 
this  then  decomposed  by  alkali'  For  this  purpose  the  follow- 
ing is  the  best  process  to  adopt.  The  iodide  i«  dissolved  in  half 
its  weight  of  strong  alcohol,  and  water  added  until  an  opales- 
cence occurs,  which  is  then  again  removed  by  the  addition  of 
some  alcohoL  Ten  parts  of  this  solution  are  then  heated  in  a 
water-bath  for  two  days  with  three  parts  of  powdered  potassium 
cyanide,  when  a  thick  crystalline  magma  is  produced  owing  to 
the  formation  of  potassium  iodide.  The  nitril  is  removed  from 
this  by  a  vacuum  lilter,  the  filtrate  distilled,  and  again  heated 
in  an  upright  condenser  with  caustic  potash  as  long  as 
ammonia  is  evolved,  the  aloohol  distilled  off,  and  valeric  acid 
prepared  from  the  residue  by  the  addition  of  sulphuric  acid. 
It  is  then  dried  over  dehydrated  glauber-salt,  and  afterwards 
over  phosphorus  pentoxida* 

Inactive  valeric  acid  is  a  mobile  oily  liquid  boiling  at  175° 
and  having  a  specific  gravity  at  0*  of  0'9536.  It  has  a  strongly 
acid  taste  and  caustic  action.  It  has  an  nnpleaaaat  pungent 
smell   resembling   old   cheese,   and  dissolves  in  about  thirty 

^  L«»n)M  uid  JuakowitKh,  Ztiiteh.  Ckttn.  1384.  8S, 

'  "  ■  (»7i.  Chem.  Fham.  clr.  284. 

1,  ^KB.  CKtf^  Pharm.  exdH.  S7. 
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parts  of  water.  The  Rpecifio  gravity  of  it3  vftpour  at  t«iD- 
pemtures  considerably  remoTed  from  itfl  boilmg-point  is  3'67 
(Dnmaa  and  Stas).  Like  acetic  acid,  it  possesses,  at  lover 
temperatures,  a  higlier  specific  gravity,  though  it  does  not 
exhibit  so  great  a  divergence  as  the  latter  acid. 

The  ethereal  oil  obtained  by  distilling  valerian  root  which 
occurs  together  vith  other  bodies  in  the  process  of  {MVparing 
valeric  acid,  is  used  in  medicine,  whilst  the  add  obtained  from 
amyl-alcohol  is  used  for  preparing  the  ammonium  and  zinc 
salts,  which  are  also  emjdoyed  in  pharmacy. 

The  VALXRATKa. 

395  Many  of  the  older  statements  respecting  the  salts  of  valeric 
acid  are  found  to  be  contradictoty,  inasmuch  as  it  frequently 
happened  that  for  their  preparation  the  acid  containing  the 
active  compound  was  employed.  The  investigations  of  Etlen- 
meyer  and  Hell  as  well  as  those  of  Schmidt  and  SachUehen 
have,  however,  placed  this  subject  in  a  clear  light  The  salts  of 
the  alkali-  and  alkaline-earths-metals  are  easily  soluble  in  water, 
whilst  those  of  the  other  metals  are  less  soluble.  When  freshly 
prepared  they  are,  in  the  dry  state,  almost  odourless,  but  on 
keeping,  especially  on  access  of  air,  the  smell  of  the  acid  becomes 
noticeable,  as  they  are  partly  decomposed  into  basic  salts,  a 
decomposition  which  also  takes  place  when  they  are  heated  with 
water. 

Calcium  Valerate,  (CjH,0^,Ca  +  3H,0,  crystallizes  in  hmg 
needles  on  evaporation  of  the  solution. 

Sarium  Valerate,  (C^HgO^jBa,  easily  crystallizes  in  triclinic 
scales  (O'  tables. 

Zinc  Valerate.  (C,H,0^^  +  2H,0,  forms  large  glistenii^ 
laminie. 

Silver  Valerate,  G^S^O^k^,  is  difficultly  soluble  in  water,  and 
crystallizes  from  the  hot  saturated  solution  in  glistening  scales. 


Ethehs  of  Valeric  Acid. 


Methyl  valerate,  CHjO(CjHgO) 
Ethyl  valerate,  0,H,0{C,H.O) 
Amyl  valerate,    G^Kjfi(GsU^O) 


116'-5 

0-885 

17- 

134--5 

0-866 

IS- 

188" 

0-879 

0" 
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'nie  last  named  of  these  compoundB  is  obtained  &s  a  bj- 
prodiict  in  the  preparation  of  Taleric  acid  from  amyl~alcohol 
(see  p.  619),  and  it  is  al«o  eaail;  prodaced  when  the  acid  or  the 
sodium  salt  is  warmed  ivith  amyl-alcohol  and  sulpbaric  acid. 
Its  dilute  alcoholio  solution  has  a  pleasant  Bmell  of  apples,  and 
is  used  as  an  apple-eesence  in  cheap  confectionery. 

Valebyl  Compouhds. 
1  Valeryl  oxide,      (C,H,0,),0. 
»  Valeryl  chloride,  C,H,OCL 

*  Valeryl  bromide,  C,H,OBr, 

•  Valeryl  iodide,     C,H,OL 

DivdUryl,  (C^O)j,  is  formed  by  Uie  action  of  sodium  on 
valeryl  chloride  diluted  with  ether,  and  is  a  yellow  oily  liquid 
possessing  a  fruity  smell,  and  it  may  be  distilled  under 
diminished  pressure  without  decomposition." 

Valeryl  Cyanide,  CgH,0(CN),  is  produced  when  the  chloride 
is  heated  with  silver  cyanide.  It  forms  a  thick  liquid,  which 
smells  like  celery,  boils  at  145' — 148°,  and  is  slowly  decomposed 
by  water  into  valeric  and  hydrocyanic  acids.* 

Valeramide,  Cfifi(^^^,  is  formed  by  the  action  of  concen- 
trated aqueous  ammonia  on  the  methyl  or  ethyl  ether,'  and  also 
by  heating  the  add  with  ammonium  Uiiocyanate."  It  is  easily 
soluble  in  wat«r,  alcohol,  and  ether,  crystallizes  in  large  thin 
tables  melting  at  126° — 135",  and  sublimes  below  its  boiling 
point  at  230°— 232°. 

Vdleroniiril,  C^HgCN,  was  first  discovered  by  Scblieper 
amongst  the  products  of  oxidation  of  glue.*  Dumas  obtained  it 
by  heating  the  amide  with  phosphoms  jjeutoxide,  or  by  paaang 
the  vapour  of  the  former  compound  over  red-hot  lime.^"  For 
its  preparation  the  method  alr^y  mentioned  (see  p.  619)  may 
be  employed.  The  alcohol  is  first  distilled  off  and  the  residue 
then  heated  more  strongly  in  order  to  drive  over  the  nitril, 
which  contains  small  quantities  of  the  iodide.     It  is,  therefore, 

'  Chiom,  A  nn.  Chem,  Pharm.  Ixzxiv.  lOS. 

*  Bechunn,  Compt,  Send.  xliL  234 ;  Holdeulivier,  ^m.  Chf».  Fharm. 
xciv.  100 :  br^l,  Btr.  J)tultck.  Chem.  Ga.  lU.  81i.  ■  Bechampi,  loe.  eit. 

*  Cahonn,  Ann.  Chan,  P/iarm.  dr.  Ill  ;  Compt.  Smd,  zliv.  libi. 

*  BrUhl,  loc  eiL  *  Hiibner  and  Cimze,  .^iiit.  Chtm.  JHuLrm.  "^mj.  71. 
^  Damos,  Maliigiitf,  and  Leblanc,  Omipl.  Rout,  xxt,  47E,  6S8 ;  SdunW  kud 

Skditlebwi,  w^Wk  GkoA.  Phant.  oeiU.  102. 

*  Lett!,  B«r.  Drui»ch.  Chrnn.  Oe*.  t.  072. 

*  Aim.  Chan.  Fhana.  lix.  I.  "  Loc.  eiL 
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re-distilled  ia  a  current  of  steam,  wben  the  latter  compound 
passes  over  first.  Taleromitril  is  s  liquid  having  a  sm^ 
resembling  oil  o£  bitter  almonds,  boiling  at  126° — 128°,  and 
having  a  specific  gravity  at  0'  of  08826. 

396  Atiive  Valerie  Add,  C^Hj^O^  is  formed  by  the  oxidatiiw 
of  the  Isevro-rotatoiy  amyl  alcohol  and  turns  the  plane  of  polariza- 
tion to  the  right.^  It  haa  a  smell  resembling  ordinary  valeric 
add,  but  boils  at  a  temperature  2° — T  lower,  and  is  easily  con- 
verted by  oxidation  into  acetic  acid,  carbon  dioxide,  and  watei. 
The  barium  salt  is  the  most  characteristic.  This,  on  accotmt  of 
its  solubility,  remains  behind  as  a  thick  syrup,  in  which,  on 
standing  for  some  time,  small  crystals  are  formed,  coDsis^ 
probably  of  the  salt  of  the  inactive  acid  which  may  be  [vesent, 
whilst  the  mother-liqnor  dries  up  to  an  amorphous  Tamish. 

Active  valeric  acid  appears  to  possess  an  identical  constitntitm 
with  methyl-ethyl-ac^tic  acid,  (CHj)C,Hj.CH.CO,H.  But  this 
latter,  obtained  by  the  aoeto-acetic-etfaer  reaction  is,  like  other 
synthetically  prepared  compounds,  not  optically  active.  It  boils 
at  175°.*  If  this  be  the  case,  as  appears  extremely  probable 
for  a  variety  of  reasons,  it  follows  that  the  inactive  and  actire 
alccJiols  and  valeric  acids  are  derivatives  of  isopentane, 

iXXL  ALCOHOLS. 
ActiTa.  Inaetive. 

CH,  CH,OH  CH,  CH, 

\&  OH 


CH, 


cIh 


CH,  CHjOH. 

TALESIO  ACIDS. 

CH,  CO.OH  OH,  CH, 

\/  vy 

CH  OH 

CH,  CH, 

CH,  CO.OH. 
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397  TertUay  Valeric  Add,  at  Trimdkylaeette  Add, 
(CH,),C.COtH.  This  acid  is  the  iiist  example  of  a  iatty  acid 
which  contains  a  tertiaiy  alcohol  radical  (dibutyryl).  It  was 
discovered  by  BuUerow,  who  obtained  it  synthetically  from 
tertiary  butyl  iodida^  This  is  first  converted  into  the  nitril  by 
bringing  it  in  contact  with  the  double  cyanide  of  mercury  and 
potassium  in  the  cold,  and  allowing  it  to  stand  until  the 
reaction  is  complete.  If  the  mixture  becomes  heated,  iso- 
butylene  and  its  polymerides  are  formed,  together  with  other 
products,  Bucb  as  tertiary  butylamine,  the  formation  of  whicli 
can  never  be  completely  prevented.  Pure  trimelhyl  acetonitril, 
(CH^gC.CX,  has  a  pungent  tmell  resembling  that  of  bitter- 
almond  oil  It  boils  at  105' — 106°,  and  solidifies  on  cooling  to  a 
crystalline  mass  which  melts  at  15° — 16°.  In  order  to  prepare 
the  acid,  the  crude  uitril  is  heated  with  an  equal  volume  of 
fuming  hydrochloric  acid  in  a  closed  vessel  to  100°,  the  pro- 
duct diluted  with  water  in  order  to  dissolve  the  sal-ammoniac, 
the  oily  acid  drawn  off,  and  the  aqneous  liquid  distilled,  as 
it  contains  some  acid  which  can  then  be  recovered  from  the 
distillate  by  the  addition  to  it  of  glauber-salt  The  crude 
acid  is  then  treated  with  caustic  soda,  the  insoluble  portion  re- 
moved, and  the  solution  evaporated  to  dryness.  The  residue  is 
next  treated  with  alcohol,  the  filtrate  ^ain  evaporated,  and  the 
pure  sodium  salt  thus  obtained  decomposed  with  tolerably  con- 
centrated sulphuric  acid.  The  acid  which  is  thus  liberated  is 
dried  over  anhydrous  glauber-salt,  and  then  over  phosphorus 
peotozide  and  i^rwards  rectified.  It  boils  at  163°7 — 163°'8, 
and  solidifies  on  cooling  to  a  mass  of  crystals  which  appear  to 
belong  to  tbo-tegular  pysten)  a?  they  do  not  jHtiduce  any  action 
on  polarized  light  They  have,  however,  not  been  obtained  in 
very  definite  form,  as  the  fused  salt  absorbs  air,  and  this,  on  soli- 
dification, is  evolved  in  small  bubbles.  When  cooled  down  to 
0'  it  is  converted  into  a  snow-like  oass  of  needles,  which  at 
the  ordinary  temperature  gradually  changes  into  a  transparent 
amorphous  mass.  It  melts  at  35°'4,  has  a  strongly  acid  taste, 
and  smells  of  acetic  and  valeric  acids.  Its  specific  gravity  at 
50°  is  0*905,  and  its  coefficient  of  expansion  for  1°  between  SO" 
and  75'  is  000112. 

TrimdhylaeUattt.  Those  of  the  alkali-metals  are  very  easily 
soluble  in  water,  and  form,  like  acetic  acid,  so-called  acid 
salts, 

■  Anti,  CK«m.  Fham.  dxr,  823 ;  cln.  ISl ;  elxxiii,  S5S. 
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Calcium  TritnHhylaeeiaie,  {(j^^S^O^f^A  +  5  H,0,  is  mcHs 
easily  soluble  in  hot  than  in  cAA  irater,  tuid  ciTstsllizes  in 
silky  prisms. 

Larium.  Trimethylacetate,  (C!,H,Oj),Ba  -t-  5H,0,  forma  flat 
transparent  prisms. 

Zinc  Trimethylaeetaie,  (CgHgOj)^n  -f  H^O,  is  a  veiy  charac- 
teristic salt  It  is  only  yery  slightly  soluble  in  water,  and 
separates  out  from  dilute  solutions  !n  crystalline  scales.  When 
a  solution  saturated  in  the  cold  is  heated,  a  basic  salt  separates 
out,  and  the  pasty  mass  which  is  formed  has  a  stroa::1y  acid 
reaction.  '  If  an  escape  of  the  free  acid  is  prevented,  the  mass 
becomes  almost  perfectly  clear  on  cooling.  The  salt  is  tolerably 
soluble  in  alcohol,  and  crystallizes  from  this  in  silky  need'.es. 

Silver  Trimtthylacetate,  CgHgO,Ag,  is  difScuMy  soluble  in 
water,  ciystallizing  on  spontaneous  evaporation  in  gliateiUBg 
flat  needles. 


COVPOUKD  1 

B.  P.     8p.  Qr.  >t  a 
Methyl  trimethylacetate,  (CH,0)C,H,0         100-102'  — 

nthyl  trimethylacetate,     (CjH,0)G,H,0  IIS'-S         0-8773 

■'tariSt..}        (C.H.O)C.H.O       13*.13a-  - 

In  addition  the  following  compounds  have  been  prepared  by 
Butlerow : 

a  P. 

Trimethylacetyl  oxide    ....  190' 

TrimeUiylacetyl  chloride    ,    .    .     105-106' 
Ohimethylacetaiaide      ....  — • 
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COMPOUNDS  WITH  SIX  ATOMS  OF  CAEBON, 
OR  THE  HBXYL  GROUP. 

398  According  tu   theory  five  par&ffina   tatty   exist  of  the 
fbnatila  CgHjf ,  and  the  whole  of  these  are  known ; 

CH,— CH,— OH,— GH,— CH,— OHr 

II.  ImIwxiiu,  or  Dimethjlpnipyl  Uethsna. 
CH. 

OH,— CH,— CHr-CH 

in.  Hcthjl^diethyl  Uetbana.  IT.  T«tniiii«th]rl  Ethane. 

CH,— CHf-CH— CH,— CH,  CB,  CH, 


CH, 


\h  --- 


CH 
\ 
CH, 


CH^ 

T.  1UiiMt]i7l.«tliTl  Hethuit. 
CH, 

CH,— i-CH,-CH, 
CH, 


NORMAI.  HEXANB  AND  ITS  DERIVATIVES. 

3g9  Saaju,  CgH,^  was  lint  obgerred  by  C.  Qreville  WilliatnB 
in  the  products  of  tho  diBtillation  of  Boghead  cantiel,  and  WM 
helieved  by  him  to  be  the  free  radical  propyl  Cahours  and 
Felouze  next  found  that  this  same  hydrocarbon  occnra  in  large 
gu^tities  in  the  volatile  portions  of  Pennaylvanian  petroleum, 
and  they  termed  it  "  hydrure  de  caproyline "  or  "  hydrore 
>  Jourm.  Citm,  See.  xr.  ISO. 
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d'hexyle."  ^  lAstlj,  Sclioriemmer  proved  that  it  occurs  in  the 
naphtha  from  cannel  coaL' 

Normal  hexone  is  also  formed  when  suberic  acid,  C,Hj^O^  ifi 
heated  with  caustic  baryta.^  The  yield  is,  however,  in  this 
caee  only  small,  owing  to  the  large  number  of  by-products 
formed*  It  ib  likewise  produced  by  heating  secoDtlary  hexyl 
iodide,  obtained  from  mannite,  with  zinc  and  water  or  alcoh(J.* 
This  decompositioQ  takes  place,  however,  more  satisfactorily 
when  the  iodide  is  brought  in  contact  with  tine  and  water,  and 
hydrochloric  acid  gradually  added.  In  this  way  some  hczylene, 
CgH|f,  is  always  formed  together  with  dihexyl  or  dodecaoe, 
CijH^  (see  p.  138).  The  latter  compound,  which  boils  at  202°, 
can  readily  be  removed  by  distillation.  The  two  other  hydro- 
carbons, both  of  which  boil  at  69°,  may  be  separated  by  addition 
of  bromine  when  the  difficultly  volatile  hexylene  bromide  is 
obtained,  and  the  hexane  can  be  distilled  off,  and  afterwards 
obtained  in  the  periectly  pure  state  by  allowing  it  to  remain 
for  some  time  in  contact  with  a  mixtnre  of  concentrated 
sutphnric  and  nitric  acida  It  is  then  washed  with  water,  dried 
over  caustic  potash,  and  lastly  rectified  over  sodium.* 

Hexane  can  be  synthetically  obtained  by  heating  primaiy 
propyl  iodide  with  aodinm.^  It  is  a  mobile  liquid,  possesaJog  a 
weak  but  pleasant  smell,  boiling  at  69',  and  having  at  17*  a 
specific  gravity  of  0663,  whilst  that  of  its  vapour  is  2-98.  If 
chlorine  be  allowed  to  act  upon  ib  in  diffused  daylight,  the  first 
product  obtained  is  a  mixture  of  the  primary  and  secondafy 
chlorides.*  Bromine  on  the  other  hand  yields  only  secondaiy 
faexyl  bromide.** 

Primary  Sexyl  Alcohol,  0,H,jOH,  was  first  prepared  by 
Pelouze  and  Cahonrs,  but  mixed  with  the  secondary  alcohol 
They  regarded  this,  as  well  as  the  other  derivatives  of  hexane, 
as  pure  compounds.  Schorlemmer,  however,  proved  that  this 
is  not  the  case. 

Hexyl  alcohol  occurs  in  the  form  of  ethers  in  nature.  Thus 
the  oils  of  the  seeds  of  SeracUum  ffiganteum  consist  principally 

'  Ann,  Chem.  Phann.  era-?.  a8» ;  crxviL  BBO, 

*  Jmrn.  Ghent.  Soc.  xv.  423. 

*  Riche.  Ann.  CAtnt.  Phyi.  [S],  Hi.  432. 

*  Dale,  Jaum.  Chem.  Soc  irii.  268  ;  Ann.  Chen,  narm,  cxxziL  UX 

'  Erienmajei  tai  Wuklju,  Joum,  Cheai.  Sac.  ztL  S!7  ;  Ann.  Oum.  F%arm, 
enxv.  134.  *  Schorlemmer,  Phil.  Tratu.  1872,  118. 

'  ScborlBmrner,  H.  ;  BrOhl,  Ann.  Chan.  PAarm.  oc  183. 
'  Schorlemmer,  loc.  eil.  Mid  Xtai.  Ann,  ozoix.  13B. 
■  Bchorlemmei,  mi.  3>aiu.  187S,  p.  I. 
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of  the  iBomerio  ethers,  hezyl  butyrato,  and  octyl  acetate, 
which  cannot  be  separated  hj  distillation  &a  they  boil  at 
almost  the  same  temperature.  By  collecting  the  portion  boil- 
ing between  201°  and  206\  and  beating  it  with  caustic  potash, 
the  alcohols  are  obt^ned,  and  these  may  then  be  dried  over 
ignited  carbonate  of  potash,  and  easily  separated.^  Hexyl 
alcohol  may  also  be  obtained  from  normal  caproic  acid  by 
reduction.*  It  ia  a  pleasantly  aromatic-smelling' liquid  boiling  at 
157°,  and  having  at  0°  a  specific  gravity  of  0-8333.  The  follow- 
ing derivatives    are   those  which   have   been  most  accurately 


B.P.  Sp.  Gr.  ri 

Ethyl.heiyl  ether,  CjHs(CgHu)0      134-13r  —  — 

Heiyl  bromide,      CoHj,Br                    ISS'S  1'1935  0* 

Heiyl  iodide,         CeH^I                      ISl"-*  1-4607  0° 

Hexyl  acetate,       C,HuO(CjH,0)       'CS'-S  08890  IT 

400  Meihyl-butyl  Carhinol,  (CHa)C^H9.CH.0H,  was  first  pre- 
pared by  Erlenmeyer  and  Wanklyn,*  and  termedby  them  j3-hexyl 
aloohol.  They  obtained  it  by  actii^  upon  the  iodide,  which  is 
about  te  1)6  described,  with  silver  oxide  and  water,  when,  ti^ther 
with  the  alcohol,  hexylene  and  secondary  hexyl  oxide  are  formed. 
A  better  method  is  to  convert  the  iodiile  into  hexylene  by  heating 
with  alcoholic  potash,  and  then  to  shake  up  this  with  an  equal 
volume  of  a  miiture  of  three  volumes  of  sulphuric  acid  and 
one  volume  of  water  until  the  hydrocarbon  is  dissolved,  taking 
care  to  keep  it  cool  during  the  whole  operation.  On  the  addi- 
tion of  water  the  larger  portion  of  the  alcohol  separates  out, 
and  a  fiirtber  quantity  is  obteined  by  distilling  the  aqueous 
liquid.  It  is  an  oily  liquid,  possessing  a  pleasant,  refreshing 
smell,  boiling  at  136°,  and  having  a  specific  gravity  at  0*  of 
0-8327. 

Secondary  Hexyl  Iodide,  C^Hj^L  This  compound,  which  is 
the  starting-point  for  the  hexyl  compounds  derived  from  methyl- 
butyl  carbinol,  is  formed  on  heating  mannite  or  its  isomeride 
dulcite  with  concentrated  hydriodic  acid  :* 

CgH„0„  +  11  HI  -  CoH„I  -I-  6  H,0  -I-  5  Ty 
As  the  presence   of  free  iodine  acts  deleteriously  in  this  re- 
action its  formation  is  prevented  by  the  addition  of  amorphous 

'  Fnnchimoiit  ind  Zincke,  Antt.  Chem,  Pharm.  cIziiL  1S3. 

'  Liebca  and  Juiecck,  ib.  clxxxviL  120.  '  Joum.  Chtm.  Soc  xri.  Sid. 

*  Erianm^er  md  Wattkljn,  loe.  eit.  ;  Heoht,  Awn.  Chan.  Pharm.  ctxT.  14S. 
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phosphoms.  According  to  Hecht,  957  granu  of  iodine  are 
covered  with  86  cc,  of  water,  and  20  gram*  of  yellow  phos- 
phorus are  gradually  added,  and  then  a  further  10  graou  of 
red  phosphorus.  The  air  is  dispUced  bj  oarbonic  acid,  aod  tbe 
whole  gently  warmed,  and  £0  grams  of  mannita  or  duldte  added 
gradually  in  small  portions;  10  grams  of  amorphous  phoqilumis 
are  then  introduced,  and  the  whole  is  distilled  in  a  current  of 
carbon  dioxide.  It  is  perhaps  simpler  to  gently  warm  a  mixture 
of  mannite  and  red  phosphorus  with  an  excess  of  fuming  hydri- 
odic  acid,  to  distil  the  iodide  off,  and  again  to  add  mannite  and 
phosphorus.  la  this  way  the  operation  may  be  conducted  for 
some  time,  care  being  taken  to  pour  back  again  from  time  to 
time  the  hydriodic  acid  which  comes  over  (Schorlemimer). 

The  secondary  iodide  is  a  colourless  liquid,  which  soon  becomes 
brown  on  exposure,  boils  at  167*,  and  at  0*  has  a  specific  gravity 
of  1-4526. 

Secondabt  Hextl  Cohfoukdb. 

B.P.  SpL  Gr.  at 

» Hexyl  oxid^                 (C,H„),0        203°-5-2       ?  —  — 

*  Hexyl  chloride,  C,HuCl  125-126°  —  — 
« Hexyl  bromide.  C,H^r  143-1*5'  —  — 
» Hexyl  hydrosulphide,  C,H^H  142"  0*8856  0° 
•Hexylamine,                C,hJ,NH,                     116°  07638  — 

•  Hexyl  thiocyanate,  0,^SCN  206-20r-5  —  — 
«  He^q-l  thiocarbimide.  C,H„N.OS  197-198"  0-9253  — 
1  Hexyl  acetate,            C,H„0(C,H,0)     155-15r  08778  0' 

EthyUnUyl  Ketone.  C,H,(C4H^C0,  is  formed  by  oxidinng 
the  secondly  alcoho],  and  was  formerly  described  as  jS-hexyl- 
aldehyde.  It  is  a  pleasantly-smelling  liquid,  boiling  at  127', 
and  being  converted  by  further  oxidation  into  acetic  acid  and 
normal  butyric  acid.  This  fact  supplies  the  means  of  ascertain- 
ing the  constitution  of  the  hexyl  alcohol  from  maneite.  The 
ketone  forms  a  crystalUne  compound  with  sodium  sulphite. 

Etkyl-propyl  Carbinol,  CjHb(C,Hj)CH.OH.  This  second 
normal  secondary  hexyl  alcohol  is  formed  by  the  action  of 
sodium  amalgam  and  water  on  the  corresponding  ketone,*  de- 
scribed hereafter.  It  boils  at  134°,  and  at  0°  has  a  specific 
gravity  of  0'8343.     It  has  a  pleasant  aromatic  smell     When 

'  Erlenmeyer  »tid  WanlcljTD,  Inc.  t 
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Eieated  with  hydriodic  aoid  the  iodide  is  foimsd,  boiling  at 
164° — 166°.  The  acetate  is  a  pleasantly  -  smeUing  liquid, 
boiling  between  149°  and  151°. 

£thi/l-^)ropifl-caTitfl£thi,l£tha;^^i^^*^^^\o.  has  been 
already  described  as  biethyl  ether  ^>age  339).  It  is  formed  by 
heating  dichlorethyl  ether  with  adnc-ethyl  under  pressure : 

C=.«-CHa  I  o+ZnCCHJ.  .CH.(C,HJ  CH(C^g  |  o_^^^ 

The'  product  gives  the  pure  ether  on  heating  with  sodium. 
This  boils  at  131°,  and  at  0°  has  a  specific  gravity  of  0'7S56. 
When  heated  with  fuming  hydriodic  acid  under  pressure,  ethyl 
and  hexyl  iodides  are  formed,  which  latter  is  converted  by  the 
action  of  acetic  acid  and  silver  acetate  into  hexyl  acetate,  a 
body  boiling  at  154° — 167°.  When  heated  with  caustic  potash 
this  does  not  yield  ethyl-proj^l  carldnol,  but  methyl-butyl 
carbinoL  Ooioaequently  in  the  .reaction  lui  intermolecular  in- 
terchange takes  place,  which  may  be  explained  in  a  variety  of 
ways.  Thus,  by  the  action  of  sUver  acetate  a  small  quantity 
of  faexylene  is  always  formed,  and  it  is  probable  that  in  thk 
reaction  the  iodide  ia  first  converted  entirely  into  this  hydro- 
carbon, which  is  methyt-px>pyl  ethylene,  and  that  this  latter  in 
the  nascent  condition,  when  brought  in  contact  with  acetic  acid, 
unites  with  it  to  form  the  acetate  of  the  mannite  alcohol  The. 
following  equations  show  these  reactions : 


b: 

1^    +    i«O.OAO 

CH. 
=    ^^      +    HO.CAO    +    Agl 

!: 

CH 

in. 

/CH. 

CH, 

b: 

r      +    H.O.C,H,0     = 

b: 
b 

CH.O.CAO 
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It  is  moreover  possible  that  hexylene  U  formed  by  the  addon 
of  hydriodic  acid  on  the  ether,  and  that  this  unites  with  the 
acid  to  form  methyl-butyl-carhyl  iodide.' 

£thyl-propyl  Ketotu,  0|Hj(C,H^)CO,  is  formed  by  the  action 
of  butyryl  chloride  on  nnc-ethyl,*  and  ia  also  formed,  together 
with  dimethyl  ketone,  diethyl  ketone,  and  dipropyl  ket<Hie, 
when  a  muctnre  of  calcium  butyrate  and  calcium  propionate 
undei^oes  dry  distillation.'  It  likewise  occurs,  together  with 
other  ketones,  amongst  the  products  of  decomposition  of 
calcium  butyrate.*  It  is  a  liquid  boiling  at  132° — 124°,  and 
having  at  I7°'5  a  specific  gravity  of  0818,  and  forming  a 
very  unstable  compound  with  acid  sodium  sulphite. 


ISOHEXANE  AND  ITS  DERIVATIVES. 

401  iMKexane,  (CH^,CH.CHf  CH^CI^  This  paraffin,  which 
may  also  be  termed  dimethyl-propyl  methane,  was  first  pre- 
pared by  Wurtz  by  acting  on  a  mixture  of  ethyl  iodide  and 
isobutyl  iodide  with  sodium.  It  was  termed  bj  him  tihifi- 
JnUyl.  Isohexane  is  a  mobile  liquid  boiling  at  62°,  and  having 
at  0°  a  specific  gravity  of  0*7011,  that  of  i\a  vapour  being  3'053.* 
A  hezane  of  the  same  boiling-point  also  occurs  in  P^msylvanian 
petroleum  in  small  quantities  (Warren). 

Primary  laohexyl  Ala^l  or  Caproyl  Alcohol,  (CH,)(C,H^.OH, 
was  first  synthetically  prepared  by  Bossi  from  inactive  amyl 
alcohol  by  converting  the  chloride  prepared  &om  it  into  the 
nitril  by  heating  with  potassium  cyanide,  and  then  converting 
this  into  the  isocaproic  acid,  and  reducing  the  alcohol  by  well- 
known  reactions  fi'om  the  acid.  This  substance  boils  at  150°, 
has  a  smell  like  amyl  alcohol,  but  is  less  unpleasant' 

The  hexyl  alcohol  found  by  Faget  in  the  fusel-oil  of  grape- 
spirit  is  probably  identical  with  this  body.^  Another  hexyl  alcohol 
is  contained  as  an  ether  in  camomile-oil.  This  boils  at  132° — 
153°,  has  at  0°  a  specific  gravity  of  0*8295,  and  on  oxidation 
yields  an  bexylic  acid,  whose  properties  differ  from  those  of  the 
known  isomeric  acids.' 

'  Lieben,  .^itit.  Oiem.  Fharm,  clzxriiL  1. 

■  Popoff,  a.  clzL  289 ;  Butleiow.  BkU.  Soe.  Chim.  [S],  t.  19. 

■  Volker,  bx.  eil.  *  Friti^  Aim.  CAtat,  Phana.  criiL  ISS. 
'  Wnrti,  Ann.  Chem.  J^arm.  xcri,  t9i. 

*  Ann.  Chem.  PAarnt.  cxuiiL  176.  '  Jb.  IxxxfiiL  825, 

*  Kabig,  Ann.  Chan.  Pharm.  osqt.  101. 
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According  to  tlieory,  isohexaoe  yields  two  secondary  alcohols, 
which,  however,  have  sot  as  yet  been  prepared,  although  the 
ketones  coTrespondiog  to  them  are  known. 

IvofnUyl-methyl  KeUmt,  (Ciy,C^yCO.CH^  was  prepared 
by  Williamson,  though  not  in  die  pure  state,  by  distilling  a 
mixture  of  potassium  valerate  and  sodltun  acetate.^  Frankland 
and  Duppa  obtained  it  by  decomposing  isopropyl-aceto-acetic 
ether  with  baryta-water.*  It  is  a  Uquid  having  a  strong  smell 
of  camphor,  boiling  at  114',  ami  having  a  specific  gravity  of 
0-819  at  0°. 

JXmethyl-pjvpyl  Carbinol,  (CH^,C^.COH,  was  obtained  by 
the  action  of  ziuc-methyl  on  butytyl  chloride.  It  is  a  thick 
liquid  which  has  a  faint  smell  of  camphor  and  boils  at  122°'5 — ' 
123°'5.  Its  chloride  boils  at  100°,  and  its  iodide  boils  with 
decomposition  at  142V 


MBTHYL-DIETHYL  METHANE  AND  ITS 
DERIVATIVES. 

40a  Methyl-diahyl  Methaw,  CSL^f^^L^^CR.  was  obtuned  by 
Le  Bel  by  actii^  on  a  miztuie  of  methyl  iodide  and  active 
omyl  iodide  with  sodium.  It  is  a  liquid  boiling  at  60°,  and 
is  optically  inactive,  not  containing  any  assymetrical  carbon 
atom.* 

MeOiyl-dietkyl  CarUnol,  CHa(C^^,COH,  is  prepared  by  the 
action  of  zinc-ethyl  on  acetyl  dilcoide.  It  is  a  thickish  liquid, 
smellii^  of  camphor,  boiling  between  121°  and  125°,  and  yielding 
only  acetic  acid  on  oxidation. 


TBTRAMETHYL  ETHANE  AND  ITS 
DERIVATIVES. 

403  Teiramahyl  Mhaiu,  (C^^CjH,,  was  obtained  by  Schoi^ 
lemmer  by  heating  secondary  propyl  iodide  with  sodium  in 
presence  of  ether,  and  he  termed  it  di-^aojpropyl?  It  is  a  liquid 
smelling   like   normal    hexane,   boiling   at    fi8°,    and    at  10 

'  Quart,  /ourn.  Chan.  S«e,  It.  2M,  '  Jonrn.  CTurm.  Son.  [2%  v.  lOfi. 

*  Bntleivw,  Zeilieh,  Chem.  1865,  617;  Jawtin,  .^nn.  Chein.  Pharm,  cut.  ZM. 

*  BuU.  Soe.  Chim.  l%\  xct.  648,  *  Proc  Sag.  Soc  ivl.  84. 
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having  a  specific  graTity  of  0'6769.  By  acting  upon  it  with 
chlorine  a  mixture  of  two  monoclilorides  is  obtained.  Accord- 
ing to  Silva  the  action  proceedx  only  when  the  ether  is  not 
anhydrous.'    As  the  para£Sn  possesses  the  constitution 


g&>CH-CH<g5* 


the  chloride  which  boila  at  118'  must  be  a  tertiary  one,  and  the 
other  boiling  at  about  124°  a  primary  chloride.  The  latter 
yields  an  alcohol  boiling  at  li5° — 150°.* 

JHmdkgl-ixipropyl  Carbind.  (CHj^.(C.OH)Cn:(CH,)y  is  fonned 
by  acting  upon  isobutyryl  chloride  with  zinc-methyl.  It  is  a 
liquid  smelling  of  camphor,  boiling  at  117°,  solidifying  to 
glistening  needles  at  — 35°,  and  having  a  specific  gravity  at  0°  i£ 
0'83S7.     On  oxidation  it  yields  acetone  and  acetic  acid.' 


TRIMBTHVL-ETHVL  METHANE  AND  ITS 
DERIVATIVES. 

404  Trimelhyl-ethyl  Methane,  C(CH^,CjHj,  is  obtained  1^ 
the  action  of  zinc-ethyl  on  tertiary  butyl  iodide.  It  is  a  liquid 
boiling  at  43° — 48°,  and  its  vapour  has  a  density  of  2'197.* 

TrimUhylcarbyl  -  methyl  Carbind  or  Pinacolyl  AUokd, 
(CH,}jC(CH.OH)CH,.  When  dimethyl-ketone  and  nascent 
hydrogen  are  brought  in  contact  they  combine  as  is  well-known 
to  form  secondary  propyl  alcohol,  but  tc^ther  with  this  sub- 
dtaiice  another  compound  is  formed  to  which  the  name  of 
pinacone,  C^j,Oj,  has  been  given,  and  this  body  is  the  terdaiy 
alcohol  of  the  diad  radical  trimethyl  ethylene.  Its  formation  ts 
explained  by  the  following  aquation : 


OH,  OH, 

CHjCH, 

^(^ 

^C60 

+    H,    . 

OHO 

CO 

dn^cH, 

CH,  CH;. 

*  Btr.  DaOtck.  Chan.  Ott.  t.  S81. 

'  SilTi,  Ber.  DattKh.  Chan.  Ga.  ti.  Sfl,  147 ;  tu.  068. 

*  PrUnuchiiikoir,  ZeilteK.  Chan.   1S71,  275 ;  Powloir,  Atui.   CKm,  ffiar^ 
■ji-yL  123. 

*  Ooiiuuow,  ^iM.  Cktm.  Pharm.  cIit.  107. 
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This  body  will  be  treated  of  more  fully  hereafter.  When  it  is 
dissolved  in  moderately  dilute  sulphuric  or  hydrochloric  acid,  it 
is  converted  into  pivaaUine,  CgHjjO,  and  this  is  capable  of  unit* 
ing  with  nascent  hydrogen  to  form  pinacolyl  alcohoL  This  latter 
body  is  a  liquid  smelling  like  camphor,  boiling  at  120° — 121°, 
and  baring  at  0°  a  specific  gravity  of  08347.  On  cooling  it  soli- 
difies to  long  silky  needles  melting  at  4°.^  On  oxidation  it  is 
converted  into  pinacoline,  which  is  its  ketone. 

B.P.  Sp.  Qr.  at  0°, 

Pinacolyl  chloride,  C^U^Cl  112°-5-114°-5     0-8991 

Pinacolyl  bromide,  C,Hi,Br  140-144°         1-4739 

Pinacolyl  acetate,    C,H„0(CjI^O)        140-143°  — 

FinacolineoT  Frimethytcarbjfl-methi/l  Ket<me,  (CHj),C.CO.CHj. 
This  liquid  has  a  smell  resembling  peppermint,  holla  at  105°-5 
to  106°'5,  and  has  a  specific  gravity  at  0°  of  083.'  On  oxidation 
it  yields,  t<^ther  with  carbon  dioxide,  an  acid  which  was  fiist 
called  pinacolinic  acid,'  until  Butlerow  showed  that  it  is 
trimethylacetic  acid  *  (see  p.  623).  The  formation  of  the  acid  in 
which  three  methyl  groups  are  linked  to  one  carbon  atom  from 
pinacoline,  the  constitution  of  which  has  been  already  given, 
appears  at  first  difficult  to  understand,  although  similar  inter- 
molecular  interchanges  are  known.  Ethylene  alcohol  or  com- 
mon glycol  ia  converted  into  aldehyde  by  hygroscopic  bodies,  a 
reaction  whicb  is  quite  simiUr  to  the  formation  of  pinacoline  : 

Ethylene  Alcohol.  AldshTde. 

CH^OH  CH, 


CHj.OH  -         CO  +         H,0. 

H 

I'iiikcone.  PinMoIine. 

C(CHg),OH  C(CH,), 

C(CH,),OH     =  CO         +         H,0. 


'  Friedel  tnd  Silva,  Oontpt.  Smd.  Izxn.  229. 

*  Fittig,  ^nn.  Chem.  PAonx.  cut.  S7. 
'  CaiapL  Send.  IxzriL  19. 

*  Ahm.  Chem.  Pham.  diz.  102;  cUxiii.  8S8. 
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Butlerow  has  showii  that  pinacoHne  posseaees  the  above 
coQStitutioD,  iQaamuch  as  be  waa  able  to  prepare  it  s^theti- 
cally  from  trimethykcetyl  chloride  and  zinc-methyl.^ 


THE  HEXOIC  OR  CAPROIC  ACIDS. 

405  Normal  Caproic  Acid  or  Sexoic  Acid,  CjH„CO,a 
Chevreul  in  hU  iaveatigattoiis  on  tlie  fats  fouod  that  cow's  aod 
goat's  butter  contain,  in  addition  to  butyric  acid,  two  other  volatile 
acida  to  vhich  he  gave  the  names  of  caproic  and  capric  acids  (from 
capra,  a  she-goat).*  One  of  theae  acids  he  believed  to  exist  not 
only  in  goat's  butter  but  alao  in  mutton-suet,  and  he  states  that 
the  peculiar  smell  and  taste  of  this  iat  as  well  aa  of  mutton 
broth  are  due  to  this  acid.  To  this  body  he  gave  the  name 
of  hircinic  acid  (from  hircua,  a  he-goat),*  though  in  all  pro- 
bability it  is  a  mixture  of  the  two  former  acida  or  perhaps 
consists  of  impure  caproic  acid. 

Caproic  acid  was  then  more  closely  investigated  by  Lerch,* 
and  its  composition  accurately  ascertained.  Fehling'  next 
proved  that  it  occurs  in  cocoa-nut  oiL  It  is  also  fonnd  io 
Limbuig  and  other  varieties  of  cheese,  which  owe  their  peculiar 
smell  to  this  substance."  It  is  also  found  in  the  free  state  or 
as  an  ether  in  the  fruit  of  Gingko  hifabaj  and  BeracUum 
ejAondi/lium,'  as  well  aa  in  the  ftoners  of  Satyrium  hireinum,* 
and  in  the  fusel-oil  obtained  from  the  fermented  molasses  of 
mangel-wurzeL^' 

Caproic  acid  is  also  formed  together  with  acetic  and  butyric 
acids  in  the  batyrio  fermentation,  and  hence  it  ia  contained  in 
crude  butyric  acid. 

It  has  not  yet  been  ascertained  whether  each  of  these  acids 
from  di£ferent  aources  ia  really  the  normal  acid.  It  ia  very  pro- 
bable, however,  that  this  is  the  case,  especially  with  regard  to 

'  A*».  Chem.  Fharm.  elxnv.  125  ;  Petenb.  Aead.  BuU.  (1871),  zii.  let. 

*  Arm.  Chim.  Fhyi.  xxiiL  S'J  ;  Hahtrcha  ntr  la  etHjit  gnu,  13i  and  309. 

■  Ann.  Chim.  Pkys.  ii.  ;  Sah.  IGl  and  2SS. 
<  Ann.  Chem.  Pham.  zlis.  221. 

*  Aioi.  Chcm.  Pham.  liii.  131 ;  Oudemuis,  Joum,  PraJd.  Chan.  Irrri,  SS6. 
'  Iljenko  and  Laskowglii,  Ann.  Clurm.  Pharm.  Ir.  78. 

'  Bechamp,  Oi.  cm.  361 ;  Comp.  Send.  Iviii  135. 

■  Zincke,  Ann,  Chan.  Phann.  cliL  IB. 

*  Chautod,  Cmnpl.  Haul.  Iviii.  639, 

'°  Fefalintr,  Jahrt^  1853. 141  ;  Bovne;,  Chem.  Soe.  Joum.  t.  H;  Furot, 
Compt.  Bead.  zIt.  3W. 
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the  acida  occurring  in  lata,  and  certainly  in  those  produced  by 
fermentation,  as  the  properties  of  these  bodies  exactly  coincide 
with  those  of  the  aubstance  obtained  by  oxidation  of  normal 
hezyl  alcoho]  as  well  as  with  those  of  the  synthetically  prepared 
acid.  This  latter  aubstance  was  obtAined  by  Lieben  and  Rossi 
by  heating  normal  pentyl  iodide  with  potassium  cyanide  and 
alcohol.  The  solution  of  the  nitril  thus  obtained  was  boiled 
with  oaustig  potash  until  no  more  ammonia  was  evolved,  and 
the  potassium  salt  obtained  on  evaporation  was  decomposed  by 
sulphuric  acid.^ 

^Normal  caproic  acid  is  best  obtained  from  the  crude  fermenta- 
tiop-butyric  acid  by  fractional  distillation,  the  portion  passing 
over  above  180°  being  separated  and  washed  repeatedly  with  ax 
times  its  volume  of  water,  when  butyric  acid  alone  passes  into 
solution.  The  pure  acid  may  be  obtained  from  the  residue  by 
fractional  distillation.'  It  boils  at  205°  and  has  a  specific  gravity 
at  0°  of  0-9450. 

Calcium  CaprotUe,  (f^^^^^fia.+'Sfi,  crystallises  in  long 
very  thin  glistening  lamina  100  parts  of  a  solution  saturated 
at  18°'5  contain  27  parts  of  the  ai^ydrous  salt.  When  mixed 
with  calcium  formate  and  heated,  caproyl  aldehyde,  CjH^.COH, 
ia  obtained  together  with  other  products.  This  sul»tance  has 
a  pungent  smell,  boils  at  IST'O,  has  a  specific  gravity  at  0° 
of  0'850  and  leadUy  absorbs  oxygen  with  formation  of  ozone. 

Barium  Caproaie,  {G^^fi^^^  This  deports  in  'six-sided 
laminte  often  united  in  coxcomb-li^e  tufts.  100  parts  of  the 
solution  saturated  at  18'''5  contain  8-49  parts  of  the  anhydrous 
salt.  The  acid  derived  from  hexyl  alcohol  yields  a  salt  crystalliz- 
ing in  scales  or  thick  tablets  containing  one  molecule  of  water 
of  crystallization.'  Eottal,  however,  obtained  a  salt  from  the 
fermentation-acid  which  contained  three  molecules  of  water 
and  crystallized  in  bushy  needles.* 

Ethyl  Caproaie,  CgHjjO(CjHgO),  separates  out  as  a  light  layer 
of  liquid  when  a  mixture  of  two  parts  of  absolute  alcohol  and 
two  parts  of  the  acid  ia  allowed  to  stand  for  some  time  together 
with  one  part  of  sulphuric  acid.  It  is  a  pleasantly- smelling 
liquid  boiling  at  167^,  and  having  at  0°  a  specific  gravity  of 


*  A*».  Chem.  Fham.  cliz.  7G  j  clzr,  IIS. 

»  Orilloiig,  Aim.  Chem,  Ffiantt.  clir.  1S2 ;  Lieben,  iS,  olxs.  89. 
■  FiuichiniDiit  and  Zilicke,  j4n*.  CAem.  PAarm.  oUiii.  198. 

*  Aim,  CAfBt.  Fharm.  elxx.  97. 
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406  Isocaproic  Add  or  laiAexoie  Aeid,  (CH,),GaHB.CO,H,  wag 
fiiat  prepared  by  Frankland  aod  Kolbe  from  common  amjl 
alcohol  by  the  nitril  reaction,'  and  then  more  accurately  investi- 
gated by  Brazier  aod  Qossleth.*  It  is  also  formed  by  the 
union  of  carbon  dioxide  with  sodium-omyl,*  and  vas  for  a  long 
time  considered  to  be  identical  with  the  atnd  contuned  in  fata. 
As  common  amyl  alcohol  is  a  mixture,  the  caproic  acid  obtained 
in  this  way  is  likewise  a  mixture  possessing  an  optically  dextro- 
rotatory power. 

The  pure  inactive  acid  was  obtained  by  Rohn  by  the  aceto- 
acetic  ether  reaction,  by  replacing  one  of  the  atoms  of  hydrogen 
in  acetic  acid  by  isobutyL  It  is  a  liquid  smelling  like  the 
normal  acid,  boiling  at  198°*6 — 199°'8,  whilst  Lieben  and  Rosa 
obtained  a  boiling-point  of  199'''7  for  an  acid  obtained  from 
a  Tery  slightly  rotatory  amyl  alcohol  The  saltfl  prepared  from 
the  latter  source  resembled  those  from  the  normal  acid,  but 
were  rather  more  easily  soluble. 

Ccdcium.  Isocaproaie,  (CgH„OJjCa  -|-  3H,0.  100  parts  of  the 
solution  saturated  at  18'''5  contain  11'3  parts  of  the  anhydtoos 
salt 

Barium  IsoeapreaU,  (CgH^O^,  Ba  +  2H,0.  100  parts  of  the 
BfdutioD  saturated  at  18°'5  contain  3465  parts  of  the  anhydioua 
aalt 

According  to  Kohn  both  these  salts  are  anhydrous,  and 
crystallize  in  glistening  needles.* 

£thi/l  Itoea.froa.it,  0,11^1 0(C,H,0),  is  a  liquid  having  a  smell 
like  the  normal  ether,  boiling  at  IGO'l  and  having  at  0°  a 
specific  gravity  of  0  8870  (Lieben  and  Rossi). 

laoeaproyl  Aldehyde,  CgHj^COH,  was  prepared  by  Lieben  and 
Bossi  by  distilling  calcium  isocaproate  with  calcium  formate, 
and  purified  by  converting  it  into  the  acid  sodium  sulphite 
compound.  It  is  a  pungent  liquid,  boiling  at  121°.  The  com- 
pound CfHjjO-|-HNaSOg  forms  glistening  saponaceous  scales. 

IsoeapToyl  Chloride,  CgH,jOCl,  is  a  slightly  fuming  liquid 
which  boils  at  136° — 140°  with  partial  deoompoeition.* 

Inocaproyl  Anhydride,  {G^B^O)fi,  has  the  peculiar  smell  of 
the  carob  or  cacao  butter,  and  is  a  colourless  oily  liquid, 
readily  absorbing  moisture  and  being  converted  into  the  acid.' 

It  is  not  stated  which  of  the  caproic  acids  was  employed  for 

>  Ann.  Chen.  norm.  liv.  803.  *  CAon.  Soe.  Joam.  iiL  SIO: 

*  WMiklyn  uid  Scheuck,  Ci*m.  Soe.  Joum.  xxi.  31. 

*  ^i*it.  Chtm,  Pharm.  cxc.  805. 

■  Bfahamp,  Compt.  Send.  zzzviU.  13S.  *  ChicEM,  it,  zsdr.  680. 
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the  yreparatioD  of  the  above  compoanda.  Teiy  probably  it 
was  that  obtaiaed  from  amyl  alcohol. 

IsocapToylamMe,  CjHj^O.NH^,  is  formed  by  the  action  of 
ammotuum  carbonate  oa  the  chloride.  It  crystallizea  in  small 
pearly  glistening  scales  which  have  a  fatty  smell  and  boil  at 
about  255°' 

Itocaproyl  NUrU,  CgHyN,  was  first  prepared  by  Balard '  by 
heating  amyl  oxalate  or  potassium  amyl  sulphate  with  potassium 
cyanide.  He  termed  it  ith^  eyanhydTWmylique,  but  did  not 
investigate  it  more  fully.  Frankknd  and  Kolbe  prepared  it  by 
the  latter  reaction,  and  ascertained  its  properties.*  Williamson 
showed  later  on  that  it  can  be  obtained  by  heating  amyl  iodide 
with  potassium  cyanide  and  alcohol ;  *  and  Wurtz,  who  obtained 
it  in  a  similar  way,  proved  that  it,  like  all  the  derivatives  of  the 
common  laevro-rotatory  alcohol,  turns  the  polarized  ray  to  the 
right' 

It  is  a  colourless  liquid,  having  a  pui^ent  smell,  boiling  at 
165°  (Wurtz),  and  its  vapour  has  a  specific  gravity  of  3*335 
(Frankland  esA  Kolbe).  Like  other  nitrils,  it  unites  with 
various  metallic  chlorides  to  form  crystalline  compounds,"  and 
by  the  action  of  potassium  a  base  corresponding  to  cyanethine 
(pt  562)  is  formed.^ 

407  Diethylaeetic  Add,  (CjHj)jCH.GOjH,wasfirat  prepared  by 
Frankland  and  Duppa  ^  by  the  successive  action  of  sodium  and 
ethyl  iodide  on  acetic  acid.  Saytzeff'  obtained  it  from  diethyl- 
carbinol  by  converting  this  into  the  iodide  and  then  beating 
it  with  alcohol  and  potassium  cyanide.  The  product  was  dis- 
tilled, and  the  distillate  boiled  with  caustic  potash.  The 
potassium  salt  thus  prepared  was  decomposed  by  sulphuric  acid 
after  the  alcohol  had  been  driven  off. 

Dietbyl-acetic  acid  is  a  liquid  possessing  a  pleasant  smell, 
but  slightly  resembling  that  of  caproic  acid.  It  boils  at  190°, 
and  at  0°  baa  the  specific  gravity  0'9355. 

The  calcium  and  barium  salts  of  this  acid  crystallize  only 
with  difficulty.  The  ulver  salt  forms  glistening  needles,  and 
is  more  readily  soluble  than  are  those  of  the  two  preceding 

>  Henrj-,  Ser.  DoUkK.  Chea.  Oa.  ii.  494. 

*  Ann.  Chim.  Phy.  [3],  xii.  2B1. 
»  Ann.  Cficm.  Pkann.  liT.  297. 

*  Phil.  Mag.  [4],  t1.  206.  '  Aim.  Chi».  Fh'j*.  [3],  IL  858. 

*  Hanke,  Ann.  Chem-  Phann.  cvi.  280. 

'  Hedlock,  Quart.  Jmim.  Chem.  Soc.  i.  S79 ;  Ann.  CTian.  fAorm.  Izii.  22S. 

*  FhU.  Tmn*.  1866,  50.  *  Attn.  Ohm.  JPhanit,  «zciiL  3fia 
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acids.  Its  ethyl-ether  boils  at  151°,  and  at  0°  has  a'specific 
gravity  of  0-8826. 

Methyl-propyl-tuetic  Acid,  CH,(CgHj)CH.CO,H.  is  prepared 
from  methyl-propyl-carbinol  in  a  coiresponding  maoner.  Tt 
bails  ai  103°,  at  0°  has  the  specific  gravity  0'9414,  and  both  it 
and  its  salts  closely  resemble  diethylacetic  acid.  Its  ethyl- 
ether  boils  at  153°,  and  at  0*  has  a  specific  gravity  of  0-8826 
(Saytzeff). 

Dimethyl-dhyl-aeetie  Acid,  CCH^,C,H,.CH:.C0,H,  is  prepared 
&om  dimethyl-ethyl  carbiool  exactly  as  trimethylacetic  acid  is 
got  &om  tertiary  butyl  alcohol  (p.  623).  It  is  a  colourless 
liquid,  boiling  at  187°,  having  a  bint  smell  of  the  fatty  acids, 
and  on  cooling  in  a  freezing  mixture  forms  crystalline  scales 
■wbich  melt  at  — 14°. 

BaHiim  IHrtuihyl-ethyl-aeetaU,  (CfH^Oj^Ba-i-SHjO,  crystal- 
lizea  in  scales  or  transparent  tablets  vrhich  effloresce  on  ex- 


The  very  soluble  calcium  salt  forms  long,  thin,  glistenii^ 
needles.^ 

Markownikoff*  obtained  a  caproic  acid  &om  amyl  iodide 
obtained  by  the  combination  of  ordinary  amylene  and  hydriodic 
acid  and  subsequently  making  use  of  the  nitril  reaction.  This 
acid  be  believed  to  be  methyl-isopropyl-acetic  acid,  as  the  iodide 
&om  which  it  was  obtained  must  be  looked  upon  as  secoudaiy 
amyl  iodide.  This,  however,  as  has  been  stated,  is  a  tertiary 
compound,  and  the  acid  obtained  from  it,  which  has  not  been 
more  nearly  investigated,  ought,  therefore,  to  be  identical  with 
dimethyl-ethyl  acetic  acid.  As,  however,  ordinary  amylene  is 
itself  a  mixture  of  isomeric  bodies,  it  is  probable  that  this  m 
also  the  cttse  with  the  caproic  acid  obtained  from  it.  Hence  it 
therefore  merits  further  investigation 

As  has  been  stated  (p.  630),  hexyl  alcohol  from  oil  of  camomile 
yields  a  caproic  acid  by  oxidation,  which  is  different  from  the 
other  known  acids.  Its  calcium  salt  crystallizes  in  small  silky 
needles,  which  do  not  contain  any  water  of  crystallization;  100 
parts  of  the  solution  saturated  at  15°  contain  165  parts  of  the 
salt,  which  is  partly  deposited  on  warming  the  solution. 
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COMPOUNDS  CONTAINING  SEVEN  ATOMS  OF 
CARBON,  OR  THE  HEPTYL  GROUP. 

408  Nine  parafiEna  of  the  formula  GjB^^  may  exist  according 
to  theory.  Of  these  only  the  following  are,  however,  known 
with  certainty : 

Normal  Heptane. 

CH^CH^OHyCHyCH^OHyCH,. 

Isoheptane,  01  DimAthyl-batjrl  Metbane. 
Triethyl  Methane.  Dimethyl-diethyl  Hetliaiia. 

CHyCHj.CaCHj.CH,  CH, 

CH,  CH,— CH,— C— CH,— CH, 

CH,.  CH, 


NORMAL  HEPTANE  AND  ITS  DERIVATIVES. 

409  ffeptane,  C,Hj^  was  first  discovered  by  Sohorlemmer 
in  cannel-coal  naphtha,^  and  he  afterwards  showed  that  this 
paraffin  is  contained  in  large  quantity  in  the  Pennsylvanian  petro- 
letim ; '  this  liquid,  however,  contuns  another  isomeric  heptane 
boiling  at  90*,'  the  {n-esence  of  which  renders  the  purification  of 
the  normal  compound  hoiling  8'  higher  very  difficult.*  The 
heptyl  hydride  obtained  by  Felouze  and  Cahours '  from  the  same 
source,  and  boiling  at  92° — 94°,  is  a  mixture  of  these  two 
heptanes. 

Normal  heptane  also  occurs  largely  in  the  distillation-products 
of  lime-soaps  of  the  Menhaden  oil,   and  together  with   other 

'  Joum.  CJutm.  Soc  xr.  428.  *  Joum.  Chan.  Soe.  xvl.  216. 

*  Warren,  Chtm,  Xeici.  xiii.  7i ;  Scliorlenimer,  JVoc  Boy,  Soe.  xvi  367. 

*  Schorlemmsr,  PhV.  Tram.  7872,  [1],  120.  •  Awn.  CWm.  iV-  WL  >•  !• 
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products  ia  the  dry  distillation  of  a  mixture  of  azelaic  acid, 
O.H^j(COjH)j,  and  caustic  baryta.^ 

A  reioarkable  occurrence  of  this  paraffin  in  the  vegetable 
kingdom  remains  to  be  noticed.  On  the  low  mountain  chains  nin- 
niog  parallel  to  the  coast  of  California,  as  well  as  on  the  slopes  of 
the  foot-hills  of  the  Sierra  Nevada,  the  nut-pine  or  digger-pine 
{Pinus  Sabiniana  Doiigl)  grows  in  magnificent  profusion.  This 
tree,  the  fruit  of  which  is  used  as  an  article  of  food  by  the  Digger 
Indiana,  yields  a  turpentine  which  has  become  an  article  of  com- 
merce. For  the  purpose  of  procuring  the  exudation,  the  tree 
is  notched  and  guttered  during  winter  at  a  convenient  height 
from  the  ground,  and  the  resin  obtained  subjected  to  diBtillatioa 
This  yields  a  very  volatile  liquid  which  was  recognised  by 
Wenzel  as  a  hydrocarbon,  to  which  he  gave  the  name  of  alwiefu. 
It  has  also  received  the  names  of  aurantiTie  and  theoliru  in  the 
San  Francisco  market,  and  it  is  used  instead  of  benzolioe  or 
petroleum  benzene  for  the  removal  of  grease-stains  and  also 
as  an  insecticide.  The  crude  hydrocarbon  is  a  mobile,  almost 
colourless  liquid,  having  a  smell  resembling  oranges,  and  its 
vapour  produces  auEesthetic  effects  on  inhalation.  When  sub- 
jected to  distillation  it  begins  to  boil  about  100°,  by  br  the 
larger  portion  coming  over  at  101°.  The  residue  leaves  on 
further  evapwalion  a  brown  resin,  which  has  a  strong  and  per- 
usteat  smell  of  oranges.  When  the  liquid  is  shaken  up  for 
some  time  with  sulphuric  acid  this  smell  disappears,  and  the 
purified  ahietme  consists  entirely,  as  Thorpe  has  shown,  of  pare 
normal  heptane  whose  physical  constants  be  has  most  carefully 
determined.!  It  boils  at  9S°-4i,  and  at  0°  has  a  specific  gravity 
of  0-70048,  whilst  that  of  its  vapour  is  3*64.  It  is  remarkable 
that  the  substance  obtained  from  petroleum  and  purified  as 
carefully  as  possible,  exhibits  a  higher  specific  gravity  than  that 
from  I'iniu  Sabiniana,  This  appears  to  depend  upon  the  &ct 
that  petroleum  purified  by  the  action  of  sulphuric  and  nitric 
acid,  though  consisting  principally  of  the  normal  paraffins,  also 
contiuns  small  quantities  of  isomeric  and  homologous  hydro- 
carbons which  cannot  be  removed,  and  that  the  heptane  ob- 
tained from  this  source  containing  some  of  these  thus  has  a 
higher  specific  gravity. 

Heptane  behaves  towards  chlorine  and  bromine  exactly  like 
hexane  (p.  626).» 
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410  PrimaTj/  Eeptyl  Alcohol,  CjH^.OH.  The  point  of 
departure  for  this  compound  is  tbe  correaponditig  aldehyde  which 
can  he  easily  obtained  by  the  distillation  of  caator-oil,  and  is 
knowa  under  the  name  of  oenantbyl  alcohol  The  first  attempts 
to  convert  tbis  body  into  cenanthyl  alcohol  were  made  by  Fittig. 
By  heating  conantbol  with  slaked-lime  be  obtained,  tc^ther 
with  oenanthylic  acid  and  other  products,  a  liquid  which 
undoubtedly  contained  the  alcohol  in  question,  but  he  did  not 
succeed  in  preparing  it  in  the  pure  state.^ 

Bouis  and  Carlet  then  heated  oenantbol  with  glacial  acetic 
acid  and  zinc  under  aomewhat  increased  pressure  and  thus 
obtained  an  acetate,  which,  when  heated  with  alkali,  yielded 
an  alcohol-like  liquid,  and  this,  according  to  their  description, 
was  probably  an  impure  Lexyl  alcohol.* 

The  pure  alcohol  waa  first  prepared  by  Grimshaw  and 
Schorlemmer,  who  em|doyed  Lieben  and  Bosei'B  method  for  the 
reduction  of  the  aldehyde.  The  aldehyde  was  brought  into 
contact  with  water  and  sodium  amalgam,  care  being  taken  that 
the  liquid  should  always  remain  neutral  by  addition  of  dilute 
sulphuric  acid.>  By  this  process  large  quantities  of  condensation- 
jvoducts  of  CBuanthol  are  also  obtained.  The  quantity  of  these 
may,  however,  he  diminished,  as  Schorlemmer  has  shown,  if 
instead  of  using  water,  strong  acetic  acid  in  which  cenanthol 
has  been  dissolved  be  employed.*  This  method  was  worked 
out  first  by  Cross  '  and  afterwards  by  Jourdan.' 

According  to  this  latter  observer,  a  solution  of  two  parts  of 
ffinanthol  in  one  part  of  acetic  acid  is  taken,  and  to  this  is  added 
a  small  quantity  of  60  per  cent,  acetic  acid.  From  170  to  180 
parts  of  a  2  per  cent,  sodium  amalgam  is  next  gradually  added 
to  the  cold  liquid,  whilst  from  time  to  time  a  smaU  quantity  of 
glacial  acetic  acid  is  poured  in.  The  whole  is  then  diluted  with 
water,  neutralized  with  carbonate  of  soda,  and  the  oily  layer 
which  separates  out  twice  heated  with  acetic  acid  and  sodium 
amalgam,  and  the  oil  then  obtained  boiled  with  caustic  potash 
in  order  to  decompose  the  acetate  which  is  formed.  The  liquid 
is  then  dried  over  ignited  carbonate  of  potash  and  the  product 
fractionally  distilled  under  diminished  pressure. 

Heptyl   alcohol  is  a  colourless  pleasantly   smelling    liquid 

*  Aim.  Onn.  Pkarm.  crvli.  7S. 

*  it.  czxiv.  863 ;  CompUi  Stndui,  zr.  140. 

*  C^fm.  Sue.  Jmtm.  «iri,  1078.  *  .^mt.  Chem.  JHorm.  cluriL  808. 

*  Ghent.  Sm.  Jokth.  1877,  iL  123.  *  An».  Chtm   Pharm.  cc  103. 
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boiling  at  17S°'&,  and  havicg  a  specific  gravity  of  0*838.     Cross 
jK«pared  the  following  derivatiTea  : 

B.F.  flp.  Qr.  at  !«•. 
Heptyl-etliyl  etLer,  QjRJiO^^O       165°  0-790 

Heptjl  chloride,  CjHuCl  l59°-2         0-881 

Heptyl  bromide,  C,H„Br  178''-5         1  133 

Heptyl  iodide,  0,3^1  201°  1-346 

Heptyl  acetate.  C,HuO(0,H,0)         191*-5         0-87* 

Jfetkyl-pentyl  CaHnnol,  CH,(C,Hu)GH.OH.  This  is  prepared 
from  Donnal  heptane,  but  has  not  aa  yet  been  obtained  in  the 
pure  state.  It  boils  at  160° — 162°.  and  yields  a  ketone  boiling 
at  150° — 152°.  It  is  converted  on  oxidation  into  acetic  and 
normal  pentylic  acids  (Schorlemmer).  The  chloride  boils  at 
about  145°,  and  the  bromide  at  16o° — 167° 

Dipropyl  Carbinol,  (C,H,),CK.OH,  is  obtained  from  the 
corresponding  ketone.  Water  is  added  to  the  ketone  and  then 
sodium  in  small  pieces,  the  whole  being  well  shaken  up.  It 
is  a  peculiarly  smelling  liquid  boiling  at  149° — 150°,  and 
having  a  specific  gravity  of  0-814  at  26*.* 

Dipropyl  Ketone,  (C,Hj),CO,  Chevreul  was  the  first  to 
obtain  this  compound  in  the  impure  state  by  the  dry  distillation 
of  certain  salts  of  butyric  acid.  It  was  then  described  as  a 
liquid  oil  having  a  smell  of  certain  species  of  Zo&toto.  Chancel 
investigated  it  more  exactly,  and  recognised  it  as  a  ketone  of 
butyric  acid.givingtoit  the  name  otbutyrone.'  In  order  to  pre- 
pare it,  calcium  butyrate  is  subjected  to  distillation  in  small  quanti- 
t  es  and  at  as  low  a  temperature  as  possible.  The  crude  product 
always  contains  other  ketones,*  from  which  butyrone  is  separated 
by  fractional  distillation.  It  is  a  highly  refracting  liquid,  having 
a  pleasant  smell  and  a  burning  taste.  It  boils  at  144°,  and  at  20° 
has  a  specific  gravity  of  0'82,  whilst  that  of  ito  vapour  is  3-99. 
It  does  not  yield  any  compounds  with  the  acid  sulphites  of  the 
alkali  metals,  and  decomposes  on  oxidation  into  propionic  acid 
and  butyric  acid.  By  the  action  of  hot  concentrated  nitric  it 
is  converted  into  dinitropropane,  C3Hfl(N0^^  a  body  which  was 
formerly  supposed  to  be  nitro-propionic  acid.* 

'  rri«de1,  Ann.  Chim  Pkya.  [i],  xvi  810 ;  Knrtz.  Aim.  Cltem  PMarat.  clri. 
SOB. 

»  Jnn.  Chin.  Phyt.  [3],  lU.  US.  »  Friedel ;  Knrti,  fat.  eO. 

*  Chancel,  Ann.  Chtm  PAorm.  Ldv  831 ;  Cob^.  Stnd.  Ixuri  1«0G;  Eoitx. 
Axn.  Chen.  i%irm.  elzi.  20&. 
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411  Tioheptane,  or  Dimethyl-buiyl  MdkaTie,  (CH^jCH.C^H,,  was 
first  obtained  by  Wurtz  by  acting  with  sodium  upon  a  mixture  of 
ethyl  aod  amyl  iodides,  and  was  termed  by  him  etkyUa-myl^  Id 
order  to  prepare  it,  a  mixture  of  equal  parts  of  ethyl  bromide 
and  amyl  bromide  is  gradually  treated  vitb  the  requisite  quantity 
of  sodium,  care  being  taken  that  the  temperature  does  not 
rise  above  25°  and  does  not  fall  below  20°.  As  soon  as  all  the 
sodium  has  been  added,  and  the  reaction  slackens,  the  mixture 
ia  heated  to  1 00*,  and  kept  for  some  time  at  this  point.  It  is 
then  distilled,  and  the  distillate  fractionated  iu  order  to  separate 
the  tetraraethylmethane  (diamyl)  whicti  is  formed  at  the  same 
time.  During  this  process  more  sodium  is  added  in  order  to 
remove  more  completely  ihe  bromides  which  are  formed.  The 
portion  boiling  from  85°  to  90*  is  then  further  purified  by  shaking 
with  sulphuric  acid,  with  which  it  is  allowed  to  remain  in  contact 
for  some  time.  It  is  then  washed  with  water,  dried  over  caustic 
potash,  and  afterwards  rectified  over  sodium.* 

Isobeptane  boils  at  90°'3,  and  at  0*  has  a  specific  gravity  of 
O-eOeS  (Thorpe).  Chlorine  acts  easily  upon  it  in  diflRused  day- 
light ;  as  a  first  substitution-product  a  mixture  of  the  primary 
and  secondary  chlorides  is  obtained.  These  cannot  be  separated 
by  fractional  distillation,  but  the  alcohols  obtained  from  them 
may  be  thus  separated. 

Primary  Igokeptyl  Alcohol.  (CH^jCjHjOH.  boils  at  163°— 165'. 
has  a  smell  like  fiiaeUoil,  and  on  oxidation  yields  isohep- 
tylic  acid,  which  wiU  be  afterwards  described.  Fi^et*  has 
separated  out  heptyl  alcohol  boiling  at  15S° — 165°  from  the 
fusel-oil  of  wine  brandy,  and  this  perhaps  is  the  substance  under 
consideration. 

Secondary  Isohej^yl  Alcohol,  or  MethyUamyl  CarUnol,  (CH), 
CjHj(CH,OH)C^  boils  about  1*8°,  and  on  oxidation  yields 
methyl-amyl  ketone,  (CHg)jC,HjCO.CH,,  boiling  at  148°  (Orim- 
shaw).  This  may  also  be  easily  obtained  in  the  pure  state  by 
treating  isobutyl  acetic  ether  with  baryta  water.    In  contact 

1  Ann.  Chim.  Fluja.  [S],  tUt.  27B, 

*  Orimshaw,  Chan.  Soc  Jottrn.  ixvi.  809. 

■  Ann.  Chem.  P/Mrm,  cxxit.  855;  SuU.  Soc   Chim.  1803,  59. 
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with  oaaceat  hydrogen  it  is  again  converted  into  the  Becoodary 
alcohol,  which  has  a  sweetish  smell  and  a  specific  gravity  at  17° 
of  0-8185  ^  (Paget). 

It  has  been  already  stated  that  American  petroleum  not  only 
contains  normal  heptane,  but  also  an  isomeric  paraffin  boiling  at 
90°.  This  sabstance  has  been  investigated  by  Schorlemmer,  who 
found  that  the  derivatives  obtained  &om  it  closely  resemble 
those  of  isoheptaae,  but  differ  inasmuch  as  the  ketone  obtained 
&om  the  secondary  alcohol  yields  on  oxidation  only  acetic  acid. 
Hence  it  is  evident  that  the  above  paraffin  ia  not  isoheptane.' 


TRIETHYL  METHANE  AND  ITS  DERIVATIVES. 

413  Triethifl  Methane,  CH(CjHg)g,  was  discovered  by  Laden- 
burg,*  by  the  action  of  zinc-ethyl  on  sodium  and  ethyl 
orthoformate : 

2  CH(OC,H,),  +  3  Zn(C,Hj)(  =  2  CH(C,Hj)g  +  3  Zn(OCH)^ 

This  reaction  however  does  not  occcor  bo  umply  as  above 
described,  inasmuch  as  several  by-products  are  formed.  In  order 
to  separate  the  porafGn,  the  portion  boilingatabout  100' is  treated 
with  concentrated  sulphuric  acid,  and  the  liquid  which  is  not 
attacked  is  purified  by  washing  with  water,  then  dried  and  rectified. 
Trie thyl -methane  has  a  faint  smell  of  petroleum,  boils  at  96°, 
and  at  27*  has  a  specific  gravity  of  0-689. 

Trietkyl  Carbirwl,  (CjHj),COII,  is  obtained  by  the  action  of 
propionjl  chloride  on  zinc-ethyl.*  It  is  a  liquid  having  a  emell  of 
camphor,  boiling  at  140° — 142°,  and  having  a  specific  gravity  at 
0°  of  0'8593.  When  oxidized  by  potassium  dichromate  and 
weak  sulphuric  acid,  acetic  and  propionic  acids  are  obtained; 
the  greater  part,  however,  is  converted  by  loss  of  water  into 
heptylene,  which  may  be  looked  upon  as  diethyl-meihylethylene, 
(C,H^,C  =  CaCH, 

Diethyl-dimetkyl  MOkam.  C(CH,),(C^j)t-  '^^^  compound 
CgHgCl,  is  obtained  by  the  action  of  phosphorus  pentachloride 
on  acetone,  and  this  when  warmed  with  zinc-ethyl  gives  the 
above-named  paraffin  together  with  other  products : 

>  Bohn,  Ann.  Chem,  Fham.  cic  SOS. 
'  Jotiirn.  Chan.  Sot.  «vL  SIB. 

*  Ber.  DeutMh.  Chen.  G*».  r.  7G2. 

*  Lcdeubiug,  Bcr.  IkuUch.  Chem,  Oa.  V.  761. 
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him  pentamethyl-ethyl  He  considered  it  as  ethyl  alcohol  in 
which  the  five  hydrogen  atoms  of  the  radical  have  been  replaced 
by  methyl.'  It  is  best  obtained  in  the  following  way.  One 
molecule  of  trimethylacetyl  chloride  is  mixed  with  two  mole- 
cules of  zinc-methyl,  and  some  sodium  added.  After  some  days 
the  liquid  is  poured  off  from  the  zinc  which  has  sepaiated  out, 
and  &om  the  excess  of  sodium,  and  the  mixture  heated  from 
60°  to  65°  when  a  crystalline  mass  is  formed,  and  this  is  decom- 
posed by  water  with  evolution  of  marsh-gas  and  separation  of 
zinc  hydroxide.  This  latter  substance  is  dissolved  in  hydro- 
chloric acid,  and  the  whole  distilled,  when  the  compound 
2C,HjjO  +  H|0  comes  over  and  crystallizes  in  long  needles 
which  melt  at  83°,  and  decompose  at  100°,  with  evolution  of 
water,  the  latter  being  removed  by  caustic  baryta  The  anhy- 
drous alcohol  thus  obtained  separates,  when  well  cooled,  in 
needles  which  melt  at  17°.  It  boils  at  131° — 132°,  and  is  very 
hygroscopic.  If  a  stream  of  moist  air  be  passed  into  a  vessel 
containing  a  small  quantity  of  pentamethyl  alcohol,  the  flask 
soon  becomes  filled  with  floating  glistening  scales,'  the  vapour 
of  the  alcohol  combining  with  the  moisture  of  the  air  to  form 
the  hydrato. 

FeiUamtthyl-ttkyl  Chloride,  (CHJjC,Cl,  is  formed  by  the 
action  of  phosphorus  pentachloride  on  the  hydrate.  It  is  a 
crystalline  body  smelilng  like  camphor,  and  melting  at  136°, 
and  volatilizing  at  a  higher  temperature  with  formation  of  a 
soluble  sublimate.  When  preserved  in  sealed  tubes  it  is 
gradually  converted  into  glistening  transparent  prismatic  crystals 

PaUametkyl-ethyl  Iodide,  (CHJgC,!,  is  formed  by  the  action 
pf  hydriodic  on  the  alcohol.  It  is  a  solid  body  resemblii^  the 
chloride,  melting  at  140° — 142°,  with  separation  of  iodine,  and 
soon  becoming  coloured  on  exposure  to  light. 


THE  HEPTOIC  ACIDS. 

414  In  the  year  1836  Liehig  and  Pelouze  investigated  a  body 
possessing  the  characteristic  odour,  more  or  less  noticed  in  all 
old  wines,  which  renders  it  possible  to  ascertain  by  the  smell 
whether  an  empty  bottle  only  having  a  single  drop  of  liquid 
left  in  it  has  contained  wine  or  not.  This  smelt  must  not  be 
confused  with  the  bouquet  or  aroma  of  the  wine.  The  above 
^  ^lut.  CAffii.  Fharm.  clzxvU,  176. 
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chemists  found  that  the  body  in  question  can  be  obtained  in 
lai^  quantity  from  wine-lees,  and  they  showed  that  it  is  the 
ethyl-ether  of  an  acid  having  the  formula  Ci^H^gOj  -t-  HjO,  and 
to  which  they  gave  the  name  o{  eetiaiiihie  acid  {oivot  wine).^ 

Tilley,  in  1841,  obtained  an  acid  by  the  oxidation  of  castor- 
oil,  to  which  he  gave  the  formula  Cj^HjgOg  +  HjO,  and  sup- 
posed that  it  contained  the  same  radical  as  oenanthic  acid,  and 
gave  it  therefore  the  name  of  cmantkylic  acid,  sn^^sting  that 
the  acid  whose  ether  is  contained  in  wine  should  be  termed 
cenarUhylota  acid.* 

Further  investigation  has  shown  that  Tilley's  acid  is  normal 
heptoic  acid,  and  that  cenanthic  ether  is  a  mixture  of  the  ethyl 
ethers  of  higher  acids,  especially  of  capric  acid,  under  which 
heading  a  further  description  will  be  found. 

ff^Oaldehyde,  (EnantheUdeAyde,  or  (Eaanikd,  CgHgrCHO,  was 
first  prepared  by  Bossy  by  distilling  castor-oil,*  and  then  further 
investigated  by  several  other  chemists.*  Castor-oil  consists 
essentially  of  the  glycerin  ether  of  ricinoleic  acid,  and  on  heat- 
ing, it  undergoes  a  somewhat  complicated  decomposition  by 
which,  in  the  first  place,  acraldehyde  and  osnanthaldebyde 
are  formed,  and  these  may  be  sepunted  by  fractional  distillatioa 
owing  to  their  difference  in  boiling  point 

Acc<»'ding  to  Erlenmeyer  and  Sigel  the  best  mode  of  yn- 
paring  heptaldehyde  is  to  distil  600  grams  of  the  oil  quickly  in 
a  large  glass  retort,  the  operation  being  stopped  when  the  mass 
becomes  resinous.  The  distillate  is  rectified,  and  the  portion 
coming  over  between  90° — 180°  shaken  up  with  a  solution  of 
acid  sodium  sulphite.  The  whole  is  then  warmed  on  the  water- 
bath,  and  the  hot  solution  filtered ;  on  cooling,  the  compound 
C,H„0  -h  HNaSOg  +  HjO  separates  out  in  fine  scales.  These 
are  freed  on  a  filter-pump  from  the  mother-liquor,  and  dried 
between  filter-paper.  On  distillation  of  these  crystals  with  soda 
solution,  pure  tenanthot  is  obtained,  and  this  may  be  dried  over 
anhydrous  glauber-salt. ' 

A  better  yield  is  obtained  when  the  castor-oil  is  distilled  under 
a  diminished  pressure  of  100  mm.  In  this  case  it  is  almost 
completely  converted  into  asnanthal  and  hendecatoic  acid ; 

'  Ann.  Ch^m.  Pham.  xix.  U\.  ■  Ckem.  Soe.  Mtn.  L  1. 

*  Akk.  Chm.  Fhana.  1x.  SIS. 

*  TiU«y,  Fkil.  Mag.  [3],  zxxiii.  81  ;  Schiflt  ZdUeh.  Ch«M.  1870,  74;  £rlia> 
mayer  ind  Sigel,  Ann.  Cliem.  Fharm,  dxxri.  811. 
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These  bodies  may  be  separated  by  two  or  three  rectifications 
under  diminiahed  pressure.^ 

When  castor-oil  is  distilled  under  ordinary  pressure  hendoca- 
toic  acid  reniains  behind  as  a  spoiigy  mass,  which  on  more 
strongly  heating  splitB  up  into  heptane  and  its  homologues.* 

(Enanthol  is  a  highly  re&acting  liquid  boiling  at  154°, 
having  a  specific  gravity  at  16°  of  0823,  and  poesessii^  ui 
aromatic  pungent  sDaell.  It  absorbs  dry  ammonia  with  evolu- 
tion of  heat,  a  thick  liquid  having  the  composition  C,H,fO,NE, 
being  fijrmed  (Erlenmeyer  and  Sigel). 

415  Normal  Heptoie  Acid,  or  (Enanihylie  Acid,  C,Hu.COjH, 
This  acid  was  first  obtained  in  the  impure  state  by  oxidizing 
oleic  acid  with  nitric  add,  and  termed  by  Laurent '  "  acide 
azol^que."  Tilley  then  obtained  it  in  a  similar  way  irom  castor- 
oil,*  and  Bussy  by  the  oxidation  of  cenanthol.*  It  was  tiien  in- 
vestigated by  various  chemists,'  and  synthetically  prepared  }ij 
Franchimont,'  as  well  as  by  Lieben  and  Janecek,^  from  normal 
bexyl  alcohol  by  the  nitril  reaction. 

For  its  preparation  crude  cenanthol  boiling  at  150° — 160°  is 
used,  and  300  grams  of  this  are  gradually  added  to  a  warm  mix- 
ture of  300  grams  of  potassium  dichromate,  450  grama  of  sul- 
phuric acid,  and  900  grams  of  water.  As  soon  as  the  action  has 
moderated,  the  mixture  is  heated  for  some  hours  in  a  flask  with 
a  reversed  condenser.  When  cold,  the  oily  liquid  swimming  on 
the  top  is  dissolved  in  caustic  soda.  The  add  aqueous  liquid, 
which  also  contains  cenanthylic  acid  in  solution,  is  distilled,  and 
the  product  also  neutralized  with  carbonate  of  soda.  The  solu- 
tions of  sodium  oenanthylate  are  then  evaporated,  and  the  acid 
liberated  from  the  residue  by  eulphoric  acid.  The  pure  add 
may  be  readiiy  obtained  by  repeated  fractional  distillation  and 
rectification  of  the  distillate  over  phosphorus  pentozide  (Qrim- 
ehaw  and  Schorleouner).  <Enanthylic  add  is  also  found  amongst 
the  products  of  the  distillation  of  fats  in  superheated  steam.  It 
is  an  oily  liquid  which  when  cold  has  a  faint  smell,  bat  on 
heating  acquires  a  more  pungent  odour.  It  boils  at  223° — ZH", 
and  solidifies  at  a  low  temperature,  either  in  tablets  or  in  luoad 

1  Kreflt,  Ser.  DttOaeh.  Ckem.  Oa.  z.  SOM;  xL  221B. 

'  Anutn,  Oaiz.  Chim.  1S72,  S.  >  Ann.  Ckim.  Phyi.  [2],  livi.  173. 

*  Loc  eit.  '  Ah*.  CAan.  Pharm.  I^  3M. 

*  WilU»insaii,  a.  Ixi,  38 ;  lillej,  he.  eU  ;  BtdtcnbKhcr,  Ann.  Chan,  nart^ 
lix.  II  ;  Schndder,  A.  biz.  107  ;  Anbkdur,  ib.  Iziiii.  189 ;  GrinuhM  uil 
Schorlemnier,  CAen.  S«e.  Jaiim.  xiri.  1073. 

'  J6.  oliT.  287.  •  A  diixriL  126. 


)vGooi^lc 


NORMAL  HEPTOIO  ACID.  649 

needles,  melting  at  — IC'S.  It  has  a  specific  graTity  at  0°  of 
0-9345. 

The  hepto.  s  of  the  alkali-metals  are  easily  solnhle  in  water, 
and  separate  after  concentration  or  coolii^,  usually  in  the  form 
of  a  jelly.  The  sodium  salt  can  be  obtained  in  thin  interlaced 
needles. 

Calcium  SeptoaU,  (C^H^O^jCa  +  H,0,  crystallizes  from 
hot-water  in  thin  hushy  needles. 

Barium  Heptoate,  (CyH^O^jBa,  rayataUizeB  in  bright  needles 
or  in  thin  scales. 

The  heptoates  of  zinc,  lead,  and  Btlver  are  white  precipitates. 
The  two  latter  may,  however,  be  crystallized  fnan  boiling  water, 
in  which  they  are  slightly  soluble. 

Copper  Beptoate,  {G^^^^u,  This  characteristic  salt  is 
insoluble  even  in  boiling  water,  but  crystallizes  from  absolute 
alcohol  in  short  silky  lustrous  needles  or  short  prisms. 

Ethyl  Heptoate,  C^^^(G^^,  is  obtained  like  the  hexoate. 
It  has  a  pleasant  fruity  smell,  boils  at  189°,  and  has  a  specific 
gravity  of  0*8879  at  0°. 

Heptyl  Heptoate,  CjHi,0,(CjHu),  boils  at  270'— 275°,  and  baa 
A  pleasant  fruity  smelL 

Heptoyl  Oxide,  (CjH^O)jO.  This  anhydride,  obtained  in  the 
usual  way,^  is  a  liquid  boiling  at  268° — 271°,  and  at  21°  having 
a  specific  gravity  of  0*932. 

Htptamide,  CjH,,O.NHg,  is  prepared  by  the  action  of  ammonia 
on  the  anhydride  as  well  as  by  heating  the  acid  with  potassium 
thiocyanate.  It  crystaUizes  in  needles,  which  melt  at  94° — 95°, 
and  when  quickly  beat«d  it  distils  between  250° — 258°. 

SeptimUrU,  C,E^N,  is  obtained  together  with  the  amide  in 
the  second  method  of  preparation  of  the  latter  body.  It  is  a 
slightly  aromatic  smelling  liqxiid  boiling  at  175° — 178°,  and 
have  at  22°  a  specific  gravity  of  0*895  (M.ehHs). 

ladheptoio  Add,  or  Itocenanthylic  Add,  (CHs)jG^H^.COjH,  is 
obtained  by  the  oxidation  of  the  corresponding  alcohol.  It  is  an 
unpleasantly  smelling  acid  liquid,  boiling  at  210° — 213*.  The 
barium  salt  forms  an  amorphous  mEiss,  whilst  the  calcium  salt, 
{C,H^O,)jCa  +  2  HjO,  crystallizes  in  small  needles. 

Methyl-butyl-acitie  Acid,  CHg(C«Hg)CH.COjH,   is   prepared 

fixim   secondary    hexyl  iodide,  obtained  from  luannite.     It  is 

converted  into  the  nitril  by  the  action  of  cyanide  of  potassium, 

and  this  decomposed  by  boiling  with  caustic  potash.    The  acid 

>  CUona,  Ann.  CItem.  Aorm.  zo.  IDS ;  Uehlia,  A.  clzxxr.  870, 
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is  a  sliglitl;  nmcid'SinelUiig  liquid,  boiling  at  211° — 213*,  aod 
yielding  acetic  acid  and  butyric  acid  on  oxidation  with  cbromic 
acid.^ 

Sitihyl-diethyl-euxtw  Aeid,  CH,(CiHj)jaCO,H,  is  obtained 
from  the  iodide  of  methyl-diethyl  carbinol  in  a  mmilar  way  to 
that  by  which  trimethyl-acetic  acid  ia  obtained  from  tertiary 
butyl  iodide  (see  p.  588).  It  is  a  colourless,  slightly  smelling 
liquid  boiling  at  20r— 208°. 

The  normal  potanium  salt  does  not  crystallize,  and  comlnnea 
with  the  acid  to  form  a  difficultly  soluble  salt,  crystallizing  in 
fine  needles.  The  barium  Bait,  (C,Hj,Oj)^  +  5  H,0,  crystal- 
lizes in  needles  or  flat  prisms.* 


COMPOUNDS  CONTAINING  EIGHT  ATOMS  OF 
CARBON,  OR  THE  OCTYL  GROUP, 

Only  three  of  the  eighteen  possible  paraflBns,  having  the  com- 
position  C,H„,  are  known;  yiz.,  octane,  tetramethyl  butane, 
and  hexmethyl  ethane. 

NORMAL  OCTYL  COMPOUNDS. 

416  Octane,  CgHig,  is  found  in  petroleum,  and  all  other  liquids 
which  cont^n  its  homolognes.  It  is  easily  obtained  in  the  pure 
state  by  heating  secondary  octyl  iodide  with  zinc  and  dilute 
■hydrochloric  acid.*  It  may  be  prepared  in  a  similar  way  by  tbe 
action  of  sodium  ftmnlgnin  and  water  on  the  primary  iodide.* 
It  has  also  been  synthetically  prepared  by  the  action  of  sodium 
on  normal  primary  butyl  iodide.'  It  ia  a  mobile  liquid,  boiUng 
at  J25°-46,  and  at  0°  having  a  specific  gravity  of  071883 
(Thorpe).  Chlorine  converts  it,  to  begin  with,  into  a  mixture 
of  a  primary  and  secondary  octyl  chloride  (Schorlemmer). 

Primary  Oetyl  Alcohol,  CgH^^OH,  was  lirst  prepared  by  Zinche, 
from  tbe  ethereal  oil  of  the  common  cow-parsnip  {Seraeleian 

'  Hecht  and  Uunier,  Btr.  DtiUtek.  CJum.  tja.  xi.  17S1. 

*  Scbduo^  Lidriffi  Ann.  elzizT.  130. 

*  Schorlaininm',  Pnc.  Sog.  Soe.  xri.  S79 ;  a.  xriiL  25 ;  PAit.  Trtua.  187^ 
1.122. 

*  Ziocks,  Ann.  Chan.  Fharm.  elii.  16.  *  An*.  Chtm.  PSarm.  obj.  ISO. 
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^fumdglium,).  This  consiata  chiefly  of  octyl  acetate,  hut  also 
coBtainB  the  free  alcohol  together  with  the  caproic  ethers,  and 
its  higher  homologues,  as  well  as  some  hexyl  acetat«.*  It  has 
already  been  stated  that  octyl  acetate  occurs  together  with 
hexyl  butyiate  in  the  fruit  of  SeraeUum  giganteum  (p.  626), 
whilst  the  oil  from  the  seeds  of  the  common  parsnip  (Pasti- 
naeea  aativa)  chiefly  contains  octyl  bntyrate.*  Several  of  these 
oils  also  contain  small  quantities  of  methyl  and  ethyl  compounds. 

In  order  to  prepare  octyl  alcohol,  the  portion  of  cow-parsnip 
oil,  boiling  between  206° — 208°  is  heated  with  caustic  potash, 
the  crude  liquid  dried  over  fresh  caustic  lime,  and  purified 
by  fractional  distillation.  It  is  a  colourless,  oily,  pungently 
aromatic-smelling  liquid,  boiling  at  196°— 197°,  and  having  a 
specific  gravity  at  16'  of  0  830. 

The  following  derivatives  of  primary  octyl  t^cohol  have  been 
more  accurately  examined : 

B.P. 
»  Ethyl-octyl  ether,  (C,Hs)(CgH„)0    182-18V 
»  Dioctyl  ether,  CC8H„),0 

*  Octyl  chloride,  CgHj^CI 

*  Octyl  bromide,  CgHijBr 

*  Octyl  iodide,  CgH„I 

*  Octyl  acetate,  CgH^jOCC^jO) 

*  Octyl  valerate,  CgHi,0(C(HjO) 

*  Octyl  caproate,  CgH„0(C,H,tO) 
>  Octyl  sulphide,  (CgH„)^ 
'  Octyl  nitrite,  CbH„0(]SO) 
«  Nitro-octane,  CgH,jN0, 
»  Octylamine,  CgH^-NHj 

*  Octylphosphine,  Cja„PH, 

*  Mercnry-octyl,  CCgHiT)^g 

417  Secondary  Octyl  Alcohol,  or  Mtthyl-htxyl  Carbinol, 
CH,(CgH„)CH.OH,  was  discovered  in  1851  by  Bonis,  who 
obtained  it  by  the  distillation  of  castor-oil  or  of  ricinoleic  acid 
with  caustic  soda,  and  termed  it  caprylic  alcohol,  CgHjgO.'  Soon 
afterwards  he  came  to  the  conclusion  that  this  liquid  is  oenan- 
thylic  alcohol,  C^ H„0 ; '  and  this  appeared  to  be  confirmed  by 

'  Zinckfl,  Q>.  cliL  1 ;  UiHlinger,  A.  olixir.  2S. 

*  RetiemG,  Ann.  Chan.  Phann.  clivi.  80. 

*  MiMlinger,  loe.  cit.  *  Zincke,  toe,  tit. 
'  EichW,  Ber.  DeutKh.  Chem.  Get.  xiL  1ST9. 

*  Aim.  Chem.  J'harvt.  liM.  80*.  »  lb.  806. 


B.P. 

Sp.C!r. 

.t 

)    188-184' 

0-7940 

ir 

280-28a* 

08050 

ir 

170*-5-180'-5 

08802 

16" 

198-200- 

11160 

16" 

220-222" 

1138 

16" 

206-208' 

0-8717 

16" 

2*9-251° 

08621 

16" 

268-271" 

— 



— 

0-8119 

ir 

175-17r 

0-8620 

ir 

205-212" 





185-18r 

— 

— 

184-18r 

0-8209 

ir 

— 

1-312 

ir 
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the  experimeats  of  Bailton*  and  Wills;*  but  Moschnin's  '  Babse- 
queot  investigation  rendered  it  probable  that  the  compound  con- 
tains eight  atoms  of  carbon,  a  conclusion  which  was  aftermutls 
admitted  byBouis>  The  experiments  of  Sqoire'  also  led  to 
the  same  conclusion,  whilst  Limpricht '  stated  that  the  alde- 
hyde and  not  the  alcohol  ia  thus  formed,  bat  Bouis^  pointed  out 
that  this  only  takes  place  when  the  distillation  is  carried  <m 
slowly.  Stadler  ^  concluded  that,  according  to  the  circumstance 
of  the  experiment,  either  omanthyl  alcohol  and  marsh-gas  are 
formed  on  the  one  hand,  or,  on  the  other,  hydrogen  and  the  eo- 
called  caprylic  aldehyde,  which  latter  body  may  be  looked 
upon  as  methylHsnanthol  (methyl-hexyl-ketone).  Dacbauer' 
obtained  this  latter  compound,  but  at  the  same  time  capiyl 
alcohol ;  whilst  Petersen  ^  returned  to  the  view  that  this  body 
is  oenantbylic  alcobo!  Lastly,  Chapman^  stated  that  both 
caprylic  and  oenaathylic  alcohols  occur  together. 

This  complicated  question  was  rendered  still  more  complicated 
by  the  determiuationa  of  boiling-points.  Before  the  existence 
of  isomeric  modifications  among  the  alcohols  was  known,  the 
constitution  of  caprylic  alcohol  was  considered  to  be  similar  to 
that  of  ethyl  alcohol.  Kopp  had  shown  that  the  boiling-point 
rises  19*  for  every  iacremeat  of  CH,  in  tha  series  of  alcohols. 
Heuce,  oenonthylic  alcohol  ought  to  boil  at  173°  and  caprylic 
alcohol  at  192°. **  According  to  Bonis,  however,  the  latter  boils 
at  180°.  This  exception  remained  unexplained  until  Kolbe 
threw  out  the  suggestion  that  ca^ylic  alcohol,  in  view  of  its 
lower  boiling-point,  would  turn  out  to  be  a  secondary  alcohol, 
having  the  composition  of  methyl-caproyl  carbiool ; "  and  this 
prediction  was  verified  by  the  experiments  of  Schorlemmer.^* 

In  order  to  prepare  methyl-hexyl  carbinol,  castor-oil  soap  ia 
heated  with  caustic  soda  or  caustic  potash  in  a  retort  of  thin 
copper.  The  mixture  froths  much  to  begin  with,  emitting  a 
peculiar  mushroom-like  smell,  and  the  impure  alcohol  distils 
over  together  with  water,  hydn^n  being  evolved.  The  residue 
consists  of  the  alkali  salt  of  suberic  acid.    Castor-oil  conosts 


1  CheM.  Sot.  Jaam.  vi.  MS,  »  Ih.  vi.  807. 

*  .inn.  Clum.  Pharm.  Uxirii.  111.  *  Ih  sciL  8S6. 

*  Chnn.  Soc.  Joum.  Tii.  108,  *  Ann.  Chevt.  Pharm.  zcUL  343. 
f  Compt.  Send.  zli.  603.  ■  Jaum.  J-nttt.  CAtm.  luii  S41. 

*  Ann.  Cliem.  PSanit.  cri.  2flB,  "•  Jb.  oxriii.  e>. 

"  Jtntm.  Chan-  Soc.  zriii.  300.  ■*  Aia^  Chan.  Huum,  xeri.  1. 
**  Ann.  Chcm,  Pharm.  '■"•■■ii  lit, 

^  Fne.  £eg.  Soe.  xtL  87S  j  xfiiL  S6. 
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chiefiy  of  the  sodium  salt  of  ricinoleic  acid,  and  this,  under  the 
above  conditions,  undergoes  the  following  decomposition : 

C^H^aO,  +  NaOH  +  H,0  =  CgH„0  +  C,^Na,0^  +  H,. 
The  crude  alcohol  contains  octylene,  boiling  at  125°,  and  other 
bodies,  blether  with  the  products  of  the  decomposition  of  the 
sodiom  suberate,  and  these  occur  in  larger  quantities  if  the  heat 
has  been  apphed  for  any  length  of  time  (Schorlemmer). 

Neison,'  yrho  hns  sJao  investigated  this  subject,  obtained 
chiefly  methyl-hexyl  carhinol  when  he  distilled  castorHjil 
soap  by  itself  Another  preparation  yielded  lai^  quantities  of 
(Bnanthol,  and  on  distilling  with  excess  of  alkali,  only  products 
containing  eight  atoms  of  carbon  were  formed,  varying  quan- 
tities of  the  ketone  being  produced ;  this,  according  to  Schor- 
lenuner,  not  being  the  case  when  the  distillation  ia  carried  on 
rapidly.  In  place  of  castor-oil,  the  oil  obtained  from  the  fruit 
of  the  CuTcas  purgans  may  be  used  for  this  preparation.^ 

Id  order  to  purify  the  crude  alcohol,  it  ia  subjected  to  re- 
peated fractional  distillation,  with  addition  of  caustic  potash, 
and  then  rectified  over  sodium.  It  is  an  aromatic-smelling 
liquid,  boiling  at  179'''5,  and  having  at  20°  a  specific  gravity 
of  0  8913. 

The  following  derivatives  have  been  obtained : 

B.P.  Sp.  6r.  at 

'  Methyl-capiyl  ether,  CH,(CgH„)0  160-161"  OSSO  16° 

>  Ethyl-oapryl  ether,  C,Hs(CgH„)0  iTT  0791  16° 

■  Amyl-capryl  ether,  CbHu(C8H„)0  220-221°  0  680  20° 

*  Capryl  chloride,  CgHjjCl  175°  —  — 
*"  Capryl  bromide,  CgHjjBr  190-191"  —  — 
*  •  Capryl  iodide,  CgCwI                        220-221°  1  33  16° 

•  Capryl  sulphuric  acid,  CgHj,SO,H  _  _  _ 
» Capryl  nitrate,  CgH„NO,                       _  _         _ 

* '  Capryl  acetate,  CaH^XC^gOj)        191-192°        —  — 

*  Capryl  sulphide,  (CgH„)^  _  _  _ 
*  • « •  Capryiamine,  (CgH,j)NH,                        165'       —         — 

"  Capryl  thiocyanate,  CgHii.SCN"  242°        —  — 

•  Capryl  mustard  oil,  CgH„NCS  234°        —  — 

'  Jmm.  Ckem.  Sot.  1S74,  901,  507,  S3T. 

*  Silva,  Campt.  Send,  livii.  ISOl.  ■  WHU.  *  Bonu. 

*  Berth«lot,  ^nn.  CAem.  Fharm.  <Ay.  ISG  ;  CampUa  Xendtu,  xUt.  18G0. 

*  Sqnin.  '  Dichaner 

'  Cshoan,  Jkh.  Chem.  PAarm.  xciL  S90 ;  Compia  JIauhu,  xzxiz,  SSI. 

*  Jahs,  £er.  LeuiKsk.  Citm.  Oa.  YiiL  803. 
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MUkyl-hexyl  Ketone.  CH^^C^'S^GO.  It  han  already  been 
stated  that  this  compound  fr^quentlj  occurs  in  the  preparation 
of  capryl  alcohol  It  was  first  looked  upon  as  capryl  aldehyde, 
but  its  constitution  was  first  determined  by  SUtdler.  It  Js 
fonned  by  the  oxidation  of  the  alcohol,  as  well  as  by  the  dry 
distillation  of  a  mixture  of  calcium  acetat«  and  calcium  cenan- 
thylate.'  It  is  an  aromatic-Eunellii^  liquid,  boiling  at  l7l*, 
and  having  a  specific  gravity  at  17*  of  0817.  It  is  converted 
by  oxidation  into  acetic  and  normal  caproic  acids  (Schorlenuaer), 
and  forma  with  the  acid  sulphites  of  the  alkali-metals  com- 
pounds which  crystallize  in  pearly  scales. 

StkyUpaUyl  Carbinol,  C^^{G^^^G3..G&.  If  the  octane 
prepared  from  capryl  alcohol  be  chlorinated,  and  the  mixture  of 
monocblorides  oonverted  into  the  alcohols,  a  secondary  alcohol 
ia  obtained  as  well  as  a  primary  one.  The  former  boils  at  ISO", 
and  yields  a  ketone  on  oxidation  which  then  decomposes  into 
pentylic  and  propionic  acids.* 


TETRAMBTHYL  BUTANE  AND  ITS 
DERIVATIVES. 

418  Tetramethyl  BtUane,  (CH^,CH.CH,CH,CH(C?H^,,  was 
first  obtained  by  Kolbe  *  by  electrolysis  of  potassium  valerate, 
and  termed  by  him  valeryl.  Wurtz^  then  prepared  it  from  the 
iodide  of  fermentation-butyl  alcohol,  and  termed  it  hulyl,  a 
name  which  he  afterwards  flanged  to  dihutyl,  and,  on  re- 
cognifiing  the  constitution  of  the  alcohol  derived  from  it,  he 
termed  it  di-tsohutyl.  It  is  also  formed  by  the  action  of  sodium 
on  a  mixture  of  amyl  iodide  and  secondary  propyl  iodide :  * 

g^^CHI  +  ICH^CHrCH-(g^  +  2  Na  = 
g^)^H— CHj-CH,— CH.(g^  +  2NaI. 

Tetramethyl  butane  boils  at  108°'5,  and  at  0'  has  a  specific 
gravity  of  0'7111  (Thorpe).     Its  derivatives  have  been  investi- 

>  flCadlar,  Journ.  Prakt.  Chan.  Izjii.  S41. 
'  Schorlcmmsr,  Proe,  Soy.  Soe.  xviii.  2C. 

*  ^lut.  Chem,  Pliarm.  Ixix.  S6I. 

*  It.  xcvL  SflS  ;  Am.  CftiM.  i%fv.  [3],  xUt.  S7fi. 

*  Schoilemmar,  Pt^k.  Bof.  Sac  zri.  37. 
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gated  by  Carleton-Willianw,*  who  obtained  the  hydrocarbon  by 
the  action  of  sodium  on  isobutyl  bromide.  By  passing  chlorine 
into  the  vapour  of  the  boiling  paraffin  be  obtained  a  mixture  of 
chlorides  which  could  not  be  separated  by  fractional  distillation. 
The  chief  portion,  boiling  between  170° — 180°,  was  then  heated 
with  potassium  acetate  and  glacial  acetic  acid,  when  the  acetic 
ethers,  as  well  as  an  octylene,  CgH^  boiling  at  1 22°,' is  formed. 
The  acetates,  boiling  between  170° — 205°,  cannot  be  separated 
by  distillation,  but  on  heating  them  with  concentrated  caustic 
potash  the  alcohols  are  obtained,  and  these  can  be  fairly  well 
separated  by  repeated  Jraotionation. 

Pnmary  Isodyl  Alcohol,  (CH,},C^H9(0H,)CH,OH,  is  a  liquid 
smelling  like  oranges,  boiling  at  179° — 180°,  and  having  a  specific 
gravity  of  0841  at  0°.  It  yields  an  acid  on  oxidation  which 
will  be  described  hereafter. 

Secondary  Isodyl  Alcohol,  or  IsopTOpyl-isohUyl  Carbinol, 
CCH,)AH»(CH.OH)CH{CHg)„  is  only  formed  in  small  quan- 
tity. It  has  a  fainter  smell  than  the  primary  alcohol ;  boils  at 
160°-— 163°,  and  has  a  specific  gravity  at  13°  of  0-820.  On 
oxidation  it  yields  the  corresponding  ketone,  boiling  at  159° — 
161°,  which  on  further  oxidation  chiefly  yields  acetic  aeid, 
though  at  the  same  time  a  small  quantity  of  another  acid 
which  appears  to  be  isobutyric  acid  is  formed.  According  to 
theory,  the  latter  acid  should  be  produced,  and  that  this  is 
not  the  case  is  probably  due  to  the  fact,  as  firlenmeyer  has 
shown,  that  isobutyric  acid  is  easily  oxidized  to  acetic  acid  and 
carbon  dioxide,  and  this  naturally  tabes  place  more  easily  when 
the  acid  is  in  the  nascent  condition. 

TERTIARY   OCTYL   COMPOUNDS. 

419  Diethyl-propyl  Carbind,  {CiH(),(C^)COH,  is  formed 
by  the  action  of  zinc-ethyl  on  butyryl  chloride.  A  sticky  mass  is 
obtained,  which  is  decomposed  by  water.  It  yields  a  liquid 
smelling  like  camphor,  boiling  between  145° — 155°.^ 

IsodiinUol,  (CH,),C.CH,.C.OH(CHa}j.  The  iodide  of  thister- 
tiuy  alcohol  is  formed  by  the  union  of  hydriodic  acid  with 
di-isobutylene,  CgHj^,  which  will  be  described  under  the  octylenes. 
By  the  action  of  moist  oxide  of  silver  on  the  resulting  iodide 
it  is  converted  into  the  carbinol,  a  thick  liquid  smelling  like 
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camphor,  boiling  at  146°'5 — 147*'5,  and  soUdifyiag  in  needles  at 
—  20',  and  having  at  0° a  specific  graxity  of  08417.^ 


HEXMETHYL  ETHANE,  C(CEy,C(CEyy 

430  This  hydrocarbon  is  formed  by  the  actioD  of  sodium  on 
tertiary-butyl  iodida  It  is  a  crystalline  substance  melting  at 
90'— or,  and  boiling  from  105'— 106".*  No  derivatives  have  as 
yet  been  prepared. 


THE  OCTOIC  ACIDS. 

491  Normal OiAoie at Caprylie Add,  C,Hu.CO,H.  Thevolatile 
fatty  acids  which  occur  in  cow's  butter,  and  were  discovered  by 
Chevreul,  have  since  been  carefully  investigated  by  Lerch.'  He 
found  a  new  acid  amongst  them  which,  according  to  its  com- 
position, stands  between  caproic  acid  and  capric  acid,  and  to 
this  he  gave  the  name  of  eapn/lic  acid.  The  same  acid  is 
found,  together  with  other  fatty  acids,  in  large  quantity  in 
coooa-nut  oil,*  and  it  has  also  been  detected  in  other  fats^  as  in 
human  &t  It  is  also  found,  together  with  its  bomologues,  in 
old  cheese,  and  in  the  inducts  of  distillation  of  the  &t8  in 
superheated  steam ;  it  also  occurs,  partly  in  the  free  state  and 
partly  in  the  form  of  ethers,  in  various  fusel  oils  and  in  the 
acid  aqueous  distillate  from  Arnica  montana. 

That  the  eight-carbon  acid  contained  in  fats,  &c.,  is  normal 
captylic  acid  is  proved  by  the  fact  that  its  properties  are  iden- 
ti(^  with  those  of  the  acid  obtained  by  the  oxidation  of  the 
primary  alcoboL' 

In  order  to  prepare  it,  cocoa-nut  oil  is  treated  with  caustic 
soda  having  a  specific  gravity  of  1-12,  and  after  the  soap  which 
swima  on  the  surface  is  solidified,  it  is  removed  and  well  mixed 
with  dilute  sulphuric  acid,  and  the  mixture  quickly  distilled  in 
a  copper  retort.  The  distillate,  which  chiefly  consists  of  caproic 
and  caprylic  acids,  is  neutralised  with  baryta,  and  the  solution 
evaporated  to  ciystallization.  Alter  cooling,  barium  capiylate 
separates  out,  whilst  the  mother-Iiqura-,  on  fiirther  concentration, 

^  Bntterow,  Lieht^i  Aim.  clxxxix.  GS. 

*  Lwow  and  Chrapowicki,  Bull.  Soe.  CMik.  zxzt.  160. 

*  ^itn.  Cliem.  Fharm.  ilix,  312. 

*  Fehling,  Ann.  Chem.  Pharm.  lUi,  SBS.  u 

*  Zineko,  ^nn,  CA«Tn.  Fharm.  eUL  1 ;  vaa  Bcimn^  &,  elxxl.  SSI.      ' 
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yields  barium  caproate.  Both  salta  are  purified  by  recrystal- 
lization  and  decomposed  by  dilute  hydiocUoric  acid.  The  oily 
layer  which  separates  is  dried,  and  the  acid  obtained  in  the  pure 
state  by  repeated  fractionations. 

Pure  capiylic  acid  is  a  liquid  which,  especially  when  hot,  has 
a  smell  resembliog  that  of  sebacic  acid  and  of  perspi'-ation.  On 
cooling  it  crystallizes  in  needles  or  scales,  which  melt  at  16° — 
IT.  It  boils  at  235°— 23r.  at  0°  has  a  q)eci£c  giravity  of 
0'913d,  and  is  soluble  in  400  parts  of  boiling  water,  separating 
out  almost  completely  in  crystalline  scales  &om  this  solution  on 
cooling. 

The  octoatea  or  caprylates  of  the  alkali-metals,  and  those  of 
he  alkaline-earth  metals,  are  soluble  in  water;  those  of  the 
other  metals  are  sparingly  soluble  or  insoluble  in  water,  bnt,  as 
far  as  they  have  beea  investigated,  are  all  soluble  in  alcohol 

Cakium  Octoate,  {G^^O^fia.+Uf>,  is  a  salt  difficultly 
soluble  in  cold  water,  crystalliziDg  in  long,  thin,  silky  needles. 

£arium,  Octoate,  (CgH^Ogj^Ba,  is  somewhat  more  soluble,  and 
forms  fatty  tablets  or  thin  flat  needles,  or,  when  slowly 
crystallized,  yields  Jong  prisms. 

Methyl  Octoate,  CgH^Oi(CH^,  is  a  strongly  aromatic-smelliiig 
liquid. 

Ethyl  Octoate,  CgH„0,(CiHj),  possesses  the  smell  of  pine- 
apples, boils  at  208°,  and  has  a  specific  gravity  at  16°  of  0'8728. 

Oetyl  Octoate,  CgHij;Oj(CgH,^,  is  aliqiud  boiling  at  29r— 299* 
and  having  a  specific  gravity  at  16°  of  08625, 

Ca^^ryUtmieU,  CaHijO{NH,),  is  formed  by  the  action  of  aqueous 
ammonia  on  ethyl  octoate.  It  forms  pearly  glistening  scales, 
melting  at  1 10°,  and  boiling  with  decomposition  above  200°. 

Ottoyl  Oxide,  or  Caprylie  Aithydridt,  (CgH,jO),0,  was  jvepared 
1^  ChioEza  by  acting  with  phosphorus  o^chloride  on  barium 
octoate.  It  is  an  oily  liquid  which  boils  with  partial  decom- 
position at  280 — 290°,  is  slowly  acted  upon  by  water,  and  has  a 
disE^reeable  smell  resembling  that  of  the  carob.^ 

Oetonitril,  or  Caprylonitril,  CgH^N,  is  a  liquid  smellii^  of 
camomile,  obtained  by  heating  the  ammonium  salt  with  phos- 
phorus pentoxide.     It  boils  at  194° — 195°.* 

Iioetoie  Acid.  (CH,),C,H,(CHg)COjH.  This,  as  has  been 
stated,  is  the  oxidation-product  of  isoctyl  alcohol.  It  is  an  oily 
liquid  which,  when  warmed,  has  a  smell  of  old  cheese.      It 
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boUa  at  218'— 220",  and  does  not  aoldify  at  —IT.  At  0'  i« 
possesses  a  specific  gravity  of  0926. 

Caleium  Isoctoate,  {C^^O^\Oa.  +  H,0,  crystallizes  in  scales 
which  have  a  stellated  fonn,  and  is  more  eamly  soluble  in  cold 
than  in  warm  water. 

The  barium  salt  does  not  crystallize,  bat  the  boIuUod,  on 
drying,  gives  an  amorphons  maae. 

The  ethyl  ethtr  boils  at  175°,  and  has  a  pecoliar  penetrating 
smell. 

A  third  octoic  add  is  formed  in  small  quantity,  together 
with  trimetbyl-acetic  acid  and  acetone,  by  the  oxidation  of 
di-isobntylene.  It  has  a  smell  resembling  trimethyl-acetic  acid, 
but  somewhat  weaker,  and  boils  at  216°.  Its  coDStitution  has 
not  been  satisfactorily  determined,  but  the  mode  of  its  forma- 
tion is  strictly  analogous  to  that  of  isobutyric  acid  from 
trimethyl  carbinol.^ 


COMPOUNDS  CONTAINING  NINE  ATOMS  OF 
CARBON,  OR  THE  NONYL  GROUP. 

423  The  compounds  of  this  group  have  been  but  imperfectly 
investigated.  Pelonze  and  Cahoura  obtained  nonane,  CgH^ 
a  body  boiUng  at  136° — 138°,  from  petroleum,  and  termed  it 
palargyl  hydride.  This  substance  is,  however,  evidently  a  mix- 
ture, as,  indeed,  were  all  the  pafuffltia  obtained  by  them  from 
petroleum  (p.  132).  On  the  other  band.  Thorpe  and  Toui^ 
obtained  a  series  of  liquid  paraffins  by  the  distillation  of  solid 
paraffin,  and  as  the  lower  members  of  these  certainly  belong  to 
the  normal  series,  the  higher  homologues,  doubtless,  are  also 
norm&L 

Normal  Nonant,  CgH^  is  a  liquid  boiling  at  147* — 148°,  and 
having  at  \T-5  a  specific  gravity  of  0'727d,  whUst  that  of  its 
vapour  is  4 '587.* 

Tetramdkyl-pentane,  (CH^jC(Hg{CHj)j,  was  obtained  by  Wurt* 
by  acting  on  a  mixture  of  amyl  iodide  and  iaohutyl  iodide  with 
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sodium,  and  deacribed  by  him  as  butyl-amyL     It  is  a  liquid 
boiling  at  132",  and  having  at  0°  a  specific  gravity  of  0'7247.* 

Prntameikyt-imtam,  (CHO,CC.H,(CHJCHj.CH(CHg)»  was  ob- 
tuned  by  Silva,  ti^ether  with  a  small  quantity  of  di-isopropyl 
(jk  £65),  propane,  and  propylene,  by  heating  secondaiy  propyl 
iodide  with  sodium  amalgam.*  In  order  to  explain  the  forma- 
tion of  this  paraffin,  which  boils  at  130°,  it  must  be  aaaumed 
that  ,the  radicals  propylene  and  secondary  propyl  combine 
together  when  in  the  nascent  condition: 

g^H....CH-CH.....CH<gg' 

The  Jfonyl  Alcohols  have  been  only  slightly  investigated.  The 
alcohol  obtained  from  petroleum-nonane,  and  boiling  at  about 
200°,  ia  certainly  a  mixture. 

By  acting  on  amyl  valerate  with  sodium,  and  treating  the 
reudue  with  water,  Louren^o  and  d'Aguiar  obtained  an  oily 
liquid  which,  according  to  them,  is  a  mixture  of  various  homo- 
logotu  alcohols,  the  lowest  member  consisting  of  nonyl  alcohol, 
C^H^O,  boiling  at  205°— 212° ,» 

Di-isotnttyl  Ketone  [(CHj),CjHJjCO.  This  compound,  com- 
monly known  as  vaUrone,  is  formed  in  small  quantity,  together 
with  a  lai^r  amount  of  valeraldehyde  and  other  products,  by 
the  dry  distillation  of  calcium  valerate.  It  is  an  ethereal 
Bmelling  liquid  which  boils  at  181° — 182°,  has  a  specific  gravity 
at  20*  of  0*833,  and  does  not  combine  with  the  acid  sulphites  of 
the  alkali  metals.* 

IHniiro-isobutane,  (CH^3CjHj(N0j)j,  first  obtained  by  the 
action  of  hot  nitric  acid  on  this  substance,  has  acid  properties, 
and  was  originally  described  as  uitro-butyric  acid. 

THE  NONOIC    ACIDS,  CgH„COjH: 

433  In  1827  Becluz  showed  that  Pelargonium  ttxeum  owes  its 
peculiar  odour  to  an  ethereal  oil ; '  and  this  was  more  accurately 
examined  in  1846  by  Pless,  who,  by  distilling  the  plant  with 
water,  obtained   an  acid  distillate  which,  on   saturation  with 

*  ^nn.  Chan.  Pharnt.  lori.  871 ;  Ann,  Chim.  Fhy*.  [3],  lliy.  290. 
■  Btr.  DaUach.  Chan.  Ota.  t.  SS4. 

*  ZtOmk.  Chan.  1S70,  ifH.       <  E.  Schmidt,  .Scr.  DcvtscJi.  Chttn.  Oa.  y.  SOO. 

*  Jaurra.  Pharm.  xlu.  S39. 
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buyta  water,  left  a  neutral  iosolnble  oil,  whilst  the  aqueous 
liquid  coataioed  the  barinm  salt  of  a  new  acid.^  Almost  simul- 
taneously Bedt«Qbacher  found  an  acid  having  the  same  com- 
position amongst  the  products  of  the  action  of  nitric  add  on 
oleic  acid,  and  to  iim  he  gave  the  name  of  pelargonie  aeid* 
Gerhardt,*  as  well  as  Cabours,*  also  obtained  an  add  by  the 
oxidation  of  oil  of  rue  (from  Suia  graveoUru),  and  this  subetanoe 
they  believed  to  be  identical  with  pelaigonic  acid,  l^e  same 
body  was  afterwards  more  exactly  examined  by  Fittig  and 
Qieaecke.' 

The  statamenta  concerning  the  melting-points  and  boiling- 
points  of  the  pelaigonic  acids  obtained  from  these  various 
sources  are  not  concordant.  It  ia,  however,  probable  that  they 
all  consist  of  the  normal  acid. 

Normal  KtmtncAtsxdv»B  synthetically  prepared  byZincke  and 
Franchimont  from  octyl  iodide  ;  this  substance  being  heated  for 
some  days  in  contact  with  spirit  of  wine  and  potaBsium  cyanide, 
and  the  crude  nitril  formed  being  decomposed  by  alcoholic 
potash.  The  acid  is  then  prepared  from  this  and  purified  by 
well-known  processes." 

The  same  acid  is  obtained  together  with  other  products  by 
the  oxidation  of  stearolic  acid,  C^Hg^Oy^  as  also  by  the  action 
of  hexyl  iodide  on  the  sodium  compound  of  aceto-acetic  ether 
and  decomposition  of  the  product  by  means  of  potash." 

It  ia  an  oily,  slightly  smelling  liquid  boiling  at  253° — 254% 
and  having  a  specific  gravity  of  0*9065  at  17°'5.  On  coolii^ 
it  crystallizes  to  a  scaly  mass,  which  melts  at  12° — 12°'5  and 
solidifies  again  at  11°. 

The  salts  of  nonoic  acid  are  veiy  similar  to  those  of  the 
different  pelargonic  acids.  They  are  most  of  them  difliculUy 
soluble  in  water.  Those  of  the  heavy  metola  dissolve  readily 
in  alcohol.  The  salts  of  the  alkali  metals  on  the  other  hand 
are  readily  soluble,  and  crystallized  in  tablets. 

Calcium  NonoaU,  (C^H^^O^jjCa,  crystallizes  from  hot  alcohol 
in  glistening  scales  and  is  very  difficultly  soluble  in  water. 

Barium,  Nonoate,  (CgH^jOj)jBa,  separates  out  from  a  hot 
aqueous  or  alcoholic  solution  in  similar  scales. 

Ethyl  JSmoatt,  CgHj^OjCC^j),  boils  at  22r— 228°,  and  at 

>  ^HK.  CKoft.  PKarrn.  liz.  S4  (JimUhoU). 

»  Jft.  lix.  6a.  '  Compt  Send,  xxri  S2S. 

*  r>.  xxvi.  202  ;  zxii.  IIS.  ■  Zeiixh.  Chen.  1S70,  429. 

*  AniL.  ChMi.  Pharm.  elzir.  163.  '  Limpuh,  Luii^$  Atut.  aa.  2M. 
■  JourdAn,  Ann.  Chtin.  P/utnn.  cc.  107. 
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17°'5  has  a  specifie  gatvity  of  0*8635 ;  whilst  methyl  nonoaie, 
G^jO,(CH^,  boOing  at  213*— 214°,  has  at  the  same  tempera- 
ture a  specific  gravity  of  0*8765. 

The  peculiar  odour  of  the  quiuce  is  due  to  au  ethereal  oil,' 
which,  according  to  R.  Wagner,  is  perhaps  ethyl  pelargonate; 
and  this  ether  is  obtaiaed  on  the  laige  scale  by  oxidizing  the  acid 
contained  in  oil  of  rue;  It  is  employed  in  the  manufacture 
of  common  brandy  and  wines,  &c.* 

From  this  pek^onic  acid  the  chloride,  G,H„001,  is  obtained 
by  the  acticm  of  phosphorus  pentachloride.  It  is  a  liquid  fuming 
in  the  lur  and  boiling  at  220°.'  If  the  sodium  salt  be  acted 
upon  by  this  chloride,  nonotc  anhydride,  (C^{fO)jO,  is  obtained, 
and  this  is  purified  by  solution  in  ether.  On  evaporation  the 
anhydride  remains  as  a  slightly  rancid  oil,  which  on  cooling 
crystallizes  in  needles  melting  at  4-  £".* 

If  methyl-nonyl-ketone  obtamed  from  oil  of  me  be  heated 
with  nitric  acid  of  specilic  gravity  1*2,  and  the  oily  layer  which 
remaioa  when  Uie  action  is  completed  be  removed  and  shaken 
up  with  concentrated  potash,  a  crystalline  precipitate  is  formed 
which  is  increased  on  the  addition  of  water.  If  this  be  then 
filtered  off  and  washed  with  ether  in  order  to  remove  any 
neutral  oil  and  crystallized  from  hot  alcohol,  glistening  yellow 
rectangular  tables  are  obtained  which  decompose  on  addition 
of  a  dilute  mineral  acid  with  separation  of  a  yellow  liquid, 
known  as  nUTOUt-oxide-pelargonie  acid,  CjHjgOj(NO),.*  There 
can  however  be  little  doubt  that  this  compound  is  dinitro- 
nonane,  C,Hjg(NOj)j.  It  decomposes  on  heating  with  evolution 
of  nitric  oxide  and  combustible  gases,  whilst  its  difficultly 
soluble  and  yellow  salts  deflagrate  when  heated.  The  fbrmatioa 
of  this  compound  is  analogous  to  that  of  dinitro-propane  irom 
dipropyl  ketone  (p.  642.) 

424  Isononoie  Acid,  or  Mefkyl-hexyl-acetie  Acid,  CHj(C^i^ 
CH.COjH.  If  secondary  octyl  iodide  be  boiled  with  alcohol  and 
potassium  cyanide,  isonononitril  separates  out  on  the  addi- 
tion of  water  as  a  brown  oiL  On  heating  the  crude  product 
for  some  time  with  alcoholic  potash  isononamide,  CK,(CgH„) 
CII,CO(NHj),  is  produced,  which  crystallizes  from  hot  water  in 
scales  or  needles  melting  at  80° — 81°.  Boiling  alcoholic  potash 
only  acts  slowly  upon  this  with  formation  of  isononoic  acid. 

>  Wiihler,  ^nit.  Clmm,  Pfiarm.  ili.  239. 

•  Joarti.  Prakt.  Chtm,  IviL  440.  *  Cahoun,  Compt.  Send,  xzziz.  267. 

•  CIUOEZ&,  Ann.  Chem.  Pharm.  Itttv.  331. 

•  lb.  lizxT.  S3G  ;  Alezefeff,  ZcU.  Chcm.  1S6G,  734. 
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This  substance  is  a  liquid  boiling  at  244° — 246°,  and  doea 
not  solidify  at  — 11°.    At  1S°  its  specific  gravity  is  0-903S. 

The  salts  of  the  alkali-metal«  are  easily  soluble  in  water, 
and  separate  out  as  a  saponaceous  mass  on  the  addition  of 
common  salt 

CcUcium  ItOTumoaU,  (C^jfO^fia,  +  H,0,  is  obtained  aa  a 
flocculent  precipitate  on  the  addition  of  calcium  chloride  to  the 
sodium  salt.  This  however  soon  becomes  crystalline,  and  may 
be  obtained  in  fine  needles  &om  hot  alcohol 

£thpl  Itononoate,  G^y,O^Cfi^,  is  a  liquid  having  a  pleasant 
fruity  smell,  boilbg  at  213° — 215°  and  havii^  at  17°  a  specific 
gravity  of  08640.*  On  beating  with  concentrated  ammonia 
it  yields  nenamidt,  a  body  analogous  to  that  obtained  &om  the 
nitiil,  but  not  melting  below  105°.* 

boii^yl-acttie  Acid,  (CH,)CtH„.CH.CHrCO,H,  was  obtained 
by  Venable  by  heating  isoheptyl-malonic  acid,  CH,(CjHjJ 
CH.CH(CO,H)»  a  body  which  will  be  subsequenUy  described. 
It  decomposes  into  carbon  dioxide  and  isoheptyl-acetic  acid,  a 
liquid  boiling  at  232°.* 


COMPOUNDS  CONTAINING  TEN  ATOMS  OF 
CARBON,  OR  THE  DECATYL  GROUP. 

435  Normal  Decatane,  CigH^j,  also  doubtless  occurs  in  Penn^- 
vanian  petroleum  and  other  li<iuid8  contuning  its  lower  homo- 
logues,  although  it  has  not  been  obtained  fromthis  source  in  the 
pure  state.  On  the  other  hand,  a  hydrocarbon,  having  the  com- 
position CjgHjj,  was  obtained  by  Thorpe  and  Young  by  the  de- 
composition of  the  solid  paraffins,  and  this  is  no  doubt  normal 
decatane.  It  boils  at  Ifir—lSS",  and  at  13°-5  has  a  specific 
gravity  of  07394,  that  of  its  vapour  being  5'03.*  It  also  appears 
to  occur  in  common  coal-tar  naphtha.' 

IHmUhyUheptyl-'mtthane,  CH(CI^)gCjH^,  was  prepared  by 
Wurtz  by  the  electrolysis  of  a  mixture  of  potassium  valerate 

'  Enllhem,  Aim.  Chan.  PHarn.  clxdiL  819. 

»  lb.  clxxvL  808, 

*  Btr.  IkmbA.  Chem.  Oa.  ziii.  I6G2. 
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and  potassium  (eoanthylate,  and  termed  by  liim  Imtyl-caproyl ; 
it  is  a  liquid  boiling  at  160°.' 

TetramelhyUiexane,  {CHj)jC,H,j(CHj),,  was  first  prepared  by 
Frankland,  and  described  as  amyl.  It  is  obtained  together  with 
amylene  and  amy]  hydride  (isopentane)  by  heating  amyl  iodide 
with  zinc  to  ISO"— 180°.* 

Brazier  and  Gossleth  obtained  the  same  hydrocarbon  by  the 
electrolysis  of  sodium  isocaproate,'  and  Wurtz  showed  that  it  is 
also  easily  formed  when  amyl  iodide  is  warmed  with  sodium.*  In 
place  of  the  iodide,  amyl  bromide  may  be  employed.' 

Diunyl,  as  this  paraffin  ia  usually  termed,  boila  at  160>,  and 
has  at  0°  a  specific  gravity  of  07413, 

The  action  of  chlorine  on  the  hydrocarbon  has  been  investi- 
gated by  Schorlemmer"  and  Grimshaw.  As  first  product,  a  mix- 
ture of  monocbloridea  is  obtained,  boiling  between  198° — 217°, 
By  heating  this  with  acetate  of  lead  and  glacial  acetic  acid  it 
is  converted  into  acetates,  which  on  treatment  with  concen- 
trated potash  are  retiansfonned  into  the  alcohols,  and  these  may 
with  difficulty  be  separated  into  two  parts,  the  larger  boilii^  at 
202°— 203°,  and  the  smaller  at  211°— 213°.  They  possess  an 
^[reeable  smell,  especially  the  b^her  boiling  portion,  nomewhat 
resembling  the  flowers  of  the  Daphne  odorata.  Besides  these 
two  other  decatyl  alcohols  have  been  briefly  described. 

laocapric  Alcokd,  G.^^^.03.,  is  formed,  together  with  amyl 
alcohol,  valeric  acid,  and  other  products,  by  the  action  of  sodium 
on  valeraldehyde.  It  is  a  pleasantly  smelUng  hquid  boiling 
at  203''3,  and  having  at  0°  a  specific  gravity  of  0-8569.  When 
heated  with  glacial  acetic  acid  under  pressure,  an  aromatic 
smelling  acetate,  boiling  at  220°,  ia  formed.  The  oxidation- 
products  of  this  alcohol  show  it  to  be  a  primaiy  compound.' 

An  isomeric  alcohol  is  also  formed,  together  with  other  pro- 
ducts, by  the  action  of  sodium  amalgam  on  amyl  valerate 
(p.  620) ;  it  boils  at  225°— 230°. 

IsoctyUmeihyl  Ketone,  CHj,(C,Hu)CH.CHj.CO.CHj,  was  pre- 
pared by  means  of  the  acetic-ether-reaction  from  secondary 
heptyl  bromida  It  is  a  pleasantly  snielling  liquid,  boiling  at 
196°— 198°.» 

»  Ann.  Chim.  Fhyi.  [3],  xliv.  2S1 ;  Aim.  Chem.  Pharm.  xavi.  371. 
'  Quart.  Jount.  Chen.  Soe.  iii.  33.        .  *  3b.  222, 

'  AiUi.  Chcm.  Pharm.  Intv.  219. 

*  Grimihaw,  Joutti.  Chem.  Soe.  1877,  il.  260,       ■  Jowm.  Chem,  Sue.  xvl  487. 
'  Borodin,  Jahrab.  186*,  838  ;  Zsii.  Chem.  1870,  Hi. 

*  Tenable,  £er.  DmltiA.  Chum.  Gei.  xiiL  16&1. 
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THE  CAPRIC  OR  DBCATOIC  ACIDS. 

436  Capric  Add,  CgHj^-COjH.  This  acid,  aa  has  been  stated, 
was  discovered  by  Chevreul  (p.  63*J,  but  more  accurately 
examined  by  Lerch.'  It  is  found  not  only  in  butter,  but  in  many 
other  fats,  as,  for  instance,  in  cocoa-nut  oil,*  and  generally  occura 
together  with  caproic  and  caprylic  acids.  In  combinatioa  as 
the  ethers  of  various  alcohol  radicals,  as  well  as  in  the  free 
state,  it  forms  one  of  the  constitueQta  of  the  high-boiling  por- 
tions of  the  several  fiisel  oils.>  Hungarian  wiue  also  contains 
a  considerable  quantity  of  amyl  caprate.*  It  is  also  formed 
tt^ether  with  other  acids  in  the  products  of  the  distillation 
and  oxidation  of  oleic  acid,"  as  well  as  in  the  oxidation  of  the 
higher  &tty  acids.'  The  synthesis  of  capric  acid  has  been 
effected  by  the  introduction  of  nonnal  octyl  in  place  of  one 
atom  of  hydrogen  in  acetic  acid.' 

Capric  acid  is  a  crystalline  mass  of  scales  or  needles.  It 
possesses  a  goat-like  smell,  which  is  faint  when  cold,  but  be- 
comes strong  on  heating  the  acid.  It  melts  at  30°,  and  boils 
at  268' — 270°.  It  is  somewhat  soluble  in  boiling  water,  but 
separates  out,  almost  completely,  in  scales  on  coolii^. 

The  caprates  of  the  alkali  metals  are  easily  soluble  in  water. 
Those  of  the  other  metals  are  difficultly  soluble  or  insoluble.  A 
few,  however,  dissolve  with  difficulty  in  alcohoL 

Calcium  Caprait,  (C,jHj,0^jCa,  crystallizes  from  hot  water  or 
alcohol  in  £ne,  glistening,  thin  plates. 

Bariuvi  Oaprate,  (CioH]gOj),Ba,  separates  out  from  the  same 
solvent  in  nacreous  needles. 

Methyl  Oaprate,  C|,H„Oj(CHJ,  has  a  pleasant,  fruity  smell, 
and  boils  at  223°— 224°. 

Ethyl  Caprate,  C,oHi90j(CjHs),  boils  at  243°— 245°,  and  has 
a  specific  gravity  of  0862,  It  has  already  been  stated  that 
this  ether  forms  the  chief  portion  of  cenanthic  ether  (p.  C47), 
occurring  in  old  wines,  and  obtained  ou  the  large  scale  by 
the  distillation  of  wine-lees  ^  or  the  after-brandy '  of  grape- 

>  Aim.  Chan.  Pharm.  ilbt,  223,  •  Odrgey,  iS.  livi.  290, 

'  Bovnej,  Edin,  PKU.  Tnva.  vol.  XX.  put  ii  ;  Fehlinx,  DingL  Polyt.  Jimnt. 

cxxx.   77  ;  WetheriU,  Jaunt.   Pmkl.   Chart.   Iz.   203  ;  JolmBon,    A.  Izii.  £S2 1 

Tucher,  Ann.  Chem,  Pharm,  ciyiii,  307. 

*  Grimm,  tft.  elvii.  2G^  •  Gottlieb,  ib.  Ivii  flS. 

*  Bedtenlwcher,  ib.  IviL  ISO  ;  lix.  54. 

'  Gatlueit,  Ann.  Ohtm.  Pharm.  ccir.  1. 

'  Lieliig  ind  Peloiuc,  Atut.  Chitm.  Pharm.  xix.  211. 

*  Schwux,  ib.  Ixxxiv,  82. 
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marc  These  lees  containing  wine  are  diluted  with  half  their 
volume  of  water  and  distilled,  and  the  distillate,  which  contains 
ahout  32  per  cent,  by  volume  of  alcohol,  is  distilled  again, 
when  a  liquid  containing  60  per  cent,  of  alcohol  first  passes 
over,  and  then  the  cenanthic  ether.  Four  thousand  parts  of 
wine  contain  about  one  part  of  this  ether  (Liebig  and  Pelouze). 
The  commercial  product  is  an  oily  liquid,  frequently  coloured 
green,  by  copper,  and  possessing  a  strong  alcoholic  smelL  It 
is  used  for  the  preparation  of  artificial  brandy,  and  for  giving 
an  aroma  to  common  wines. 

DelfTs,  who  investigated  a  sample  of  cenanthic  ether  which 
had  been  prepared  in  Ereuzuach,  came  to  the  conclusion  that 
the  chief  constituent  was  the  ethyl-ether  of  pelargonic  acid.^ 
On  the  other  hand,  Fischer  who  examined  another  sample 
obtained  from  Neustadt,  could  not  detect  this  acid,  but  found 
that  the  ether  contained  chiefly  capric  acid,  together  with  small 
quantities  of  capiylic  acid.* 

laocapric  Aldehyde,  CgH^g.CHO,  is  obtained  by  the  gradual 
oxidation  of  isocapric  alcohol.  It  is  a  mobile,  aromatic-smelling 
liquid,  boiling  at  169°,  and  having  a  specific  gravity  of  0*828.> 

Jaocapric  Acid,  CjH,j.CO(H,  is  obtained  by  the  fiirther  oxida- 
tion of  the  aldehyde  as  an  oily,  slightly-smelling  liquid,  having 
an  unpleasant,  burning  taste.  It  boils  at  241°*5,  and  does  not 
solidify  at  —37*,  and  its  specific  gravity  is  09096. 

Its  salts  usually  crystallize  with  difficulty.  The  barium  salt 
forms  an  oily  or  wax-like  mass. 

Calcium  Jgocaprate,  ffl^^O^^Ca.,  is  a  white  precipitate, 
crystallizing  from  hot  water  in  needles. 


COMPOUNDS  CONTAINING  ELEVEN  ATOMS  OF 
CAEBON,  OR  THE  HENDECATYL  GROUP. 

437  RtTideeatane,  C,iH„,  also  probably  occurs,  togetherwith  its 
isomerides,  in  petroleum  and  other  oils  containing  the  paraffins; 
but  it  has  not  yet  been  prepared  in  the  pure  state.  Amato 
obtained  a  body,  boiling  at  180° — 185°,  which  is  probably  the 
normal  compound,  by  distillii^  the  spongy  residue  left  in  the 
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preparation  of  CBoanthol  from  ca«tor-oil  (p.  647).  Lourera^i 
and  d'Aguiar  obtained  an  hendec^tyl  alcohol,  boiling  at  215° — 
255°,  from  amyl  valerate. 

Methyl^nmiyl  Carbinol.  OHg(C,H„)CH.OH,  is  formed  by  tfae 
action  of  sodium  amalgam  and  water  on  the  coireeponding 
ketone.  It  is  a  very  thick  liquid,  vMch  boila  at  228°— 229°, 
and  at  19°  has  a  specific  gravity  of  0*8628.^ 

Mtthyl-^nonyl  Ketoiu,  CH,(C,Hj^CO,  forms  the  chief  conati- 
tueat  of  the  essential  oil  of  rue  £rom  Mvia  gravetima,  occurring 
t(^ther  with  hydrocarbons  and  other  bodies.  This  oil  was  first 
examined  by  Will,  who  first  ascertained  its  chemical  consUtu- 
tioa*  According  to  Qerbardt*  and  Cafaoura  *  it  chiefly  conasts 
of  capric  aldehyde,  as  on  oxidation  it  yields  an  acid  which  they 
believed  to  be  caj»ic  acid.  If  this  has  really  been  produced,  it 
shows  the  presence  of  an  admixture.  Oreville  Williams  also 
examined  tbis  oil,  and  came  to  the  conclusion  tiiat  it  cont^ns 
hendecatoic  aldehyde,  Gj^HgO,  together  with  laoraldehyde, 
CitHj^O.'  Tfae  analytical  numbers  obt^uned  by  Hallwachs 
indicate  the  existence  of  the  former  compound,  but  be  con- 
sidered it  to  be  a  ketone  rather  than  an  aldehyde.*  Strecker 
then  threw  out  the  suggestion  that  it  is  methyl-nonyl  ke- 
tone (methyl-caprinyl) ;  and  this  view  was  confirmed  by  the 
investigations  of  Fittig  and  Giesecke,'  as  well  as  those  of 
Qorup-Besanez  and  Qrimm.^  The  two  £rat  of  these  chemists 
distilled  500  grams  of  the  oil,  which  contained  scarcely  any  hydro- 
carbons, and  thus  obtained  300  grams  of  a  liquid  boiling  at  225° 
— 226°,  and  this  on  oxidation  yielded  acetic  acid  and  pelaigonic 
or  nonoic  acid.  The  two  other  chemists  obtained  the  ketone 
synthetically  by  submitting  calcium  acetate  and  calcium  caprate 
to  dry  distillation,  the  product  beii^  repeatedly  rectified.  The 
portion  boiling  between  210° — 245°  is  mixed  with  liquid  am- 
monia, and  the  solution  saturated  with  sulphur  dioxide,  when 
it  becomes  warm,  and  on  cooling  the  compound  C^^H^O  -f- 
H(NH^)SOj  +  HjO  separates  out  in  shining,  white,  pearly 
crystalline  scales,  and  these  are  decomposed  by  wanning  with 
a  solution  of  carbonate  of  soda.  The  ketone  thus  obtained  is 
an  oily,  highly  refracting  liquid,  possessing  a  pleasant   smell 

I  Oiewcke  wd  Fittig,  Zdi..  Chan.  1870,  128. 

'  Am.  Chem.  Pharm..  xtiv.  2SB. 

»  Compt.  Itnd.  iivi.  228  ;  Aim.  Chim.  Fhyl.  [3],  xtir.  M. 

*  ThiM priKtili  A  la/aaMt  da  SatMO,  le  15  JuiTitr,  184E  ;  Ctmpl,  Sad. 
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reaembling  that  of  garden  rue.  It  boila  at  224°,  and  at  17*  has 
a  specific  gravity  of  0'82!)5.  On  cooling  it  eolidiliefl,  as  also 
does  that  obtained  from  oil  of  me,  to  crystals  which  melt  at 
15°— 16°. 

Diamyl  Ketone,  or  Caprone,  {CbHjj)jCO,  is  obtained  by  distil- 
ling calcium  isocaproate.  It  is  a  liquid  having  a  pleasant  smell, 
boiling  at  220' — 221°  and  having  at  20°  a  specific  gravity  of 
0*822.^  On  warming  with  concentrated  nitric  acid  it  yields  a 
crystalliiie  compound  which  defiagrateaon  heating,  and  possesses 
acid  properties,  and  is  probably  dinitio-isopentane. 

MencUeatoic  or  Undecylie  Aeid,  C,qHj^.COjH,  was  first  pre- 
pared by  Krafft  by  heating  hendecalenic  acid,  CioHj^CO,!!, 
with  phosphomsand  hydriodic  acid,*  and  he  afterwards  {vepared 
it  by  oxidizing  undecatyl-methyl  ketone.'  It  forma  a  scaly, 
crystalline  mass,  having  a  faint  smell  of  ca|m)ic  acid,  is  insoluble 
in  water,  and  melts  at  28°'5.  Under  diminished  pressure  it 
distils  without  decomposition,  and  it  boils  under  a  pressure  of 
100  mm.  at  2I2°'5.  Its  salts  and  derivatives  have  not  as  yet 
been  examined. 

DipMudo-hutyl-mdhyl-aeaic  Acid.  [(CHg)5C]jCH,.C.C0jH, 
was  obtained  by  Butlerow  by  the  oxidation  of  tri-isobutylene. 
C,,H^.  It  is  a  crystalline  mass,  fusing  at  66° — 70°,  easily 
soluble  in  alcohol,  aud  boiling  at  266°  without  deoompositioiL* 


COMPOUNDS  CONTAINING  TWELVE  ATOMS  OF 
CARBON,  OR  THE  DODECATYL  GROUP. 

438  Normal  Dodecaiane,  C^Hjg,  was  first  prepared  by  Brazier 
and  Qossleth  •  by  electrolysis  of  potassium  aenanthylat«.  A  hydro- 
carbon identical  with  this  appears  to  be  formed  as  a  by-product 
in  the  preparation  of  normal  hexane  &om  secondary  hezyl 
iodide  (p.  626).  It  also  appears  to  occur  in  petroleum  (Felouze 
and  Cahours),  and  in  the  distillation -products  of  Boghead  cannel 
rOreville  Williams).  It  is  a  mobile  liquid,  boiling  at  202°, 
and  having  a  faint  ethereal  smell  (Schorlemmer). 

*  E.  Schmidt,  Ber.  Dautxh.  Chmt.  Oa.  v.  604. 

■  Ber.  Dmtacli.  Chan.  Oa.  zi.  2210.  *  J&.  ziL  IflSt.  *  lb. 

'Quart.  Jmtm.  <Aem.  Aw.  ilL  284;  Me  mLm  Wnrti,  Anm.  Ckim.  Fham. 
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Dodteatyl  Alcohol,  CuH^OH.  A  compound  having  tiiis  com- 
position occuis  amongst  the  products  of  the  action  of  sodium  on 
amjl  valerate  (p.  ISl). 

Laurie  Acid,  Cj^H^CO,H,  was  Brst  found  b;  Harason  in 
laurel  fat  {Oleum  Lauri  unguinomm),  occurring  in  the  fruit  of 
Launu  nobilU.  This  oil  is  a  soft  mass,  having  a  strong  smell  of 
laurel,  and  is  used  in  pharmacy,  Marsson  first  gave  to  this  body 
the  name  of  Laurodearus  add}  This  add  was  also  found  bj 
Sthamer  in  the  fat  of  pichurim-beans,  and  was  termed  pichurint- 
talgaauTf..*  It  is  also  found  in  cocoa-nut  oil,*  and  in  the  so- 
called  Dika-bread,*  the  fruit  of  ^an^era  Oahaneiuw,  a  substance 
largely  used  as  food  by  the  inhabitants  of  Western  Africa,  It 
likewise  occurs  in  the  agt  or  axin  of  the  Mexicans,  a  salve-like 
fat  obtained  from  the  Coecia  axin  by  boiling  the  insects  with 
water.  It  also  occurs  in  small  quantity  together  with  its  homo- 
lognes  in  various  other  fata. 

In  order  to  prepare  lauric  acid  it  is  best  to  employ  the  fat  of 
the  bay-tree,  and  to  make  use  of  KrafiFt's  process,  which  has 
entirely  superseded  the  older  and  more  complicated  methods.* 
The  fat  is  boiled  for  several  hours  with  strong  caustic  potash,  in 
order  to  saponify  it,  and  to  remove  the  etber^  oiL  The  soap  is 
then  decomposed  by  hydrochloric  acid,  and  the  mixture  of  fatty 
acids  obtained  dried  and  distilled  under  diminished  |H%ssure, 
when  the  lauric  acid  passes  over  first  and  is  purified  by  a 
repetition  of  the  process. 

Lauric  acid  solidifies  after  fusion  to  a  scaly  crystalline  mass, 
melting  at  43°'5,  and  having  at  0°  a  specific  gravity  of  O'StiS. 
Under  a  pressure  of  100  mm.  it  boils  without  decomposition  at 
225°-5. 

Its  salts,  with  the  exception  of  those  of  the  alkali-metals,  are 
di^cultly  soluble  or  insoluble  in  water  (Oudemans). 

If  a  mixture  of  calcium  hiurate  and  calcium  formate  be  slowly 
distilled  under  diminished  pressure,  lauToldehyde,  C,jU^O,  is 
obtfdned.  This  is  a  white,  almost  odourless,  ciystalline  mass, 
melting  at  43°'6,  and  boiling,  under  a  pressure  of  100  mm.,  at 
184° — 185*.'  If  the  calcium  salt  be  distilled  alone,  dikmdecatyl 
ketone,  or  laurotu,  (C,jHq),CO,  is  obtained.  This  ciystallizea 
from  alcohol  in  scales,  which  melt  at  66°.^ 

^  Atm.  Ckem.  Pharm.  xli  829,  *  ^jin.  Chem.  Fharm.  liii.  ISO. 

■  Gdrgev,  ib.lxn.  SOS.  *  Ondenuiu,  Jmun,  FraU.  Otem.  Izxd.  8S«. 

■  Ber.  ZtcuteA.  CKem.  Oa.  zfi.  1664. 

•  Kiafft,  Ber.  Deattck.  Chan.  OtM.  xM.  1*1!. 

^  Oveiback,  Fogg.  Anit.  Izzxri.  687  i  Ann.  Chan.  Fharm.  Ixxxir.  3M. 
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COMPOUNDS   CONTAINING  THIETEEN  ATOMS 
OF  CARBON,  OE  THE  TEIDECATYL  GEOUP. 

439  Neither  parafBns  nor  alcoholB  containing  thirteen  atoms 
of  carbon  have  hitherto  been  prepared. 

IHkexyl-ketone,  or  (EnaTdkone,  (CjH,j)jCO,  is  formed,  together 
with  other  bodies,  in  the  dry  distillation  of  calcium  heptoate. 
It  crystallizes  in  scales  melting  at  30°,  and  boiling  at  264°.^ 

Methyl-undecyl  Ketone,  or  Methyl-hendecatyl  Ketone, 
CHg{CnH^CO,  is  formed  when  a  mixture  of  calcium  acetate 
and  calcium  laurate  is  distilled  under  diminished  pressure.  It 
is  a  crystalline  mass,  melting  at  28",  and  boiling  at  263V 

Trideeatoie  or  Tridecylie  Add,  CijHjj.COjH,  obtained  by  the 
oxidation  of  methyl-tridecatyl  ketone  (p.  674),  is  a  scaly  crystal- 
line body,  insoluble  in  vater,  but  dissolving  in  alcohol.  It  melts 
at  40°'5,  and  boils,  under  a  pressure  of  100  mm.,  at  236°.» 


COMPOUNDS  CONTAINING  FOURTEEN  ATOMS 
OF  CAEBON,  OR  THE  TETRADECATYL  GROUP. 

430  The  following  acid,  occurring  in  nature,  is  the  only  one 
of  this  series  known : 

Myristic  Acid,  C^Hjj.COjH.  This  body  waa  discovered  by 
Flay&ir  *  in  the  nutmeg-butter  of  Myristica  moacluUa.  It  also 
occurs,  together  with  other  fats,  in  the  otoba-fatof  the  Myristica 
otoba,  which  contains  the  glycerine  ethers  of  oleic  acid  and 
myristic  acid  (Uricochea)."  According  to  Oudemans,  one  half 
of  the  &tty  acid  contained  in  Dika-bread  consists  of  myristic 

'  UglaT  and  fieelcunp,  .^itn.  Chem.  Pharm.  oriiL  17S. 
*  Knfft,  Ber.  DetUxA.  Chtm.  Ga.  xii.  1607. 
»  Ih.  1868. 
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acid.  It  also  occurs  in  small  quantity,  together  with  other  fatly 
acids,  ID  cocoa-nut  oil,  in  common  butter,  and  in  other  fats. 

In  order  to  prepare  it  from  nutmeg-butter,  the  process  already 
described  for  the  preparation  of  lauric  acid  from  bay-tree  &t  may 
be  employed.^ 

According  to  Masino,  commercial  nutmeg-butter  is  adulterated 
with  other  fats.  Hence  it  is  better  to  prepare  the  acid  from  the 
nota  themselves.  These  are  coarsely  powdered  and  treated  with 
boilti^  ether,  which  dissolves  out  the  pure  ether,  or  myridtin.* 
From  this  the  acid  is  obtained  by  saponification,  &e.,  and  ciys- 
talUzed  from  hot  alcohol,  when  it  is  deposited  in  silky,  snow- 
white  lafflin»,  melting  at  53°'8,  and  solidifying,  on  cooling,  to 
crystalline  scales.  It  ia  insoluble  in  water,  uid  btnls,  under  a 
jH^SBure  of  100  mm.,  at  248*. 

Its  salts,  with  the  exception  of  those  of  the  alkali-metals,  are 
difficultly  soluble  or  insoluble  in  water. 

Myriaitaidekyde,  C|,H^O,  is  obtained  hy  distilling  a  mix- 
ture of  the  calcium  sait  and  calcium  formate  under  diminished 
pressare.  It  is  a  crystalline  solid,  melting  at  52'''5,  and  distilling 
under  a  pressure  of  100  mm.,  at  214° — 215°.  If  the  calcium 
salt  be  distilled  alone,  myrislone,  (CuH^)fCO,  is  ohtained. 
This  crystallizes  team  alcohol  in  pearly,  glistening  scales,  which 
melt  at  76'.' 


COMPOUNDS  CONTAINING  FITTEEN  ATOMS  OP 

CARBON,  OR  THE  PENTADECATYL  GROUP. 

431  MOhyl-tridecatyl  Ketone,  CH,(C,jH,j)CO,  is  easily  formed 
by  the  dry  distillation  in  a  vacuum  of  equal  part*  of  the  caldum 
salts  of  acetic  and  myristic  acids.  It  is  a  crystalline  body, 
melting  at  89°,  and  boiling  under  the  norma!  pressure  at  294° 
(ErafTt). 

Pentadecatoic  Aeid,  CuHjb-COjH,  is  obtained  by  the  oxidation 
of  methyl-pentadecat^  ketone.  It  forms  a  crystalline  mass  of 
pearly  scales,  melting  at  51",  and  boiling  under  a  pressure  of 
100  mm.  at  1ST  (Krafft). 

>  Ber.  DaUmK  Chem.  Ge$.  lii  1688 ;  xiii.  141B. 

*  AttiL  Chem.  Pharm.  cciL  173. 

•  OTerbBck,  Pagj.  Ann.  lixivi.  SSr ;  Atat.  Chan.  Pham.  Ixxxir.  29«. 


;abyG00<^lc 


THE  HECDECATYL  GBOUP.  671 

An  aoid  of  the  same  composition  occurs  in  a  fungus  (Agaricua 
integer).  It  crystallizes  in  small  needles,  which  melt  at  69°'5 
— 70*;  its  propertdes  have  not  been  more  particularly  examined.^ 


COMPOUNDS  CONTAINING  SIXTEEN  ATOMS  OF 
CAEBON,   OR  THE   HECDECATYL  GROUP. 

432  Normal  Secdecatane,  or  Bi-oetyl,  CigH^  ia  formed,  together 
with  octane,  by  the  action  of  sodium-amalgam  and  water  on 
octyl  iodida  It  boila  at  27S°,  and  solidifieB  on  cooling  to  pearly 
glittering  scales,  which  melt  at  21°.* 

This  paraffin  is  probably  a  constituent  of  oil  of  roses.  Dios- 
corides  mentions  such  a  l>6&tvap  SXatov  ;  this,  however,  was  only 
olive-oil,  in  which  rose-leaves  had  been  steeped  in  order  to  give 
it  an  agreeable  odour.  Up  to  the  end  of  the  last  century  this 
preparation  was  known  in  Europe  under,  the  name  of  Oleum 
rosaieum. 

An  odoriferous  water,  obtained  by  distilling  the  flowers  with 
water,  is  frequently  described  by  Oriental  poets,  and  appears 
first  to  have  been  prepared  on  the  large  scale  in  Persia.  It  was 
prepared  in  such  quantities  that-,  in  1772,  20,100  gallons  of 
rose-water,  of  the  value  of  3,500^.,  were  imported  into  Bombay. 
The  traveller  Kiunpfer,  who  visited  Persia  in  the  year  1683-4, 
states  that  a  kind  of  fat,  in  appearance  like  butter,  was  obtained 
from  rose-water,  and  that  this  was  known  under  the  name  of 
aitrgyl.  That  a  volatile  oil  is  obtained  by  distilling  roses  was 
first  stated  by  Qeronimo  Rossi '  in  1582,  and  Baptista  Porta  in 
1589  says,  "  Omnium  difficillinue  extractionls  est  rosarum  oleum 
atque  in  minima  quantitate  sed  suavissimi  odoris."  *  In  the 
price  lists  of  the  German  apothecaries  in  1614  this  substance  is 
also  mentioned."  The  discovery  of  otto  of  rosea  in  the  fUst  ia 
thus  described  by  Langl^.  "  On  the  occasion  of  the  marriage 
of  the  Great  Mogul  Jehan  Ghir  with  the  Princeas  Nur-jehan, 

'  Thdmer,  Ber.  DaOseh.  Chem.  Oa.  lii,  1B86. 

*  i^cke,  Ann.  Chan.  Pharm.  cliL  1  j  Me  kIm  ScbOTlemmar,  PhU.  Tnmi. 
187a,  122. 

*  Bienmymi  JhcAef  Sav.  De  DedUIatiene,  BaTinnn,  16S2, 

*  JM  DittiUatioiu,  Roma,  1608. 

*  Vaior  tive  Taxatio  omnium  malmrimivi  madkamm  ,  ,  ,  fua  m  qfiditi 
fKarvuKeutied  turiitplu>rd>a«A  venundaniur,  Oieiini,  ISll. 
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in  the  year  1612,  a  canal  in  the  garden  of  the  palace  was  filled 
with  rose-water,  and  the  bride  noticed  that  a  scum  deposited  on 
its  surface.  This,  having  an  admirable  fragrance,  waB  collected, 
and  to  it  the  name  Atar-jehanghiri,  or  the  perfume  of  Jehan 
Ghir,  was  given."  ^  The  Arabic  word  Utr  (or  more  properly 
Kir)  is  used  throughout  the  East,  and,  combined  with  the 
Persian  word  gvl  (rose),  is  atrgid,  or  otto  of  roses.  Oil  of 
roses  is  still  made  in  the  East,  wherever  the  flower  grows  in 
abundance ;  and  that  which  comes  into  the  English  market 
chiefly  comes  from  Roumelia  and  the  lower  slopes  of  the 
Balkans.  There  the  peasants  cultivate  the  JRoia  damaaeina, 
and  this  plant  flowers  in  April  and  May.  The  flowers  are 
cat  off  before  sunrise,  and  distilled  in  a  rongh  copper  stilL 
The  first  portion  of  the  distillate  is  used  for  a  second  operation, 
and  from  this  second  product  the  oil  separates  out  on  standing. 
One  part  of  rose-oil  is  obtained  from  about  2,500  parts  of 
the  flowers.* 

Kose-oil  is  a  varying  mixture  of  liquid  oil,  and  a  solid, 
odourless  body,  known  as  rose-camphor  or  solid  rose-oil.  This 
latter  substance  was  analyzed  by  Saussure  in  1820,  and  by 
Blaschet  in  1833,  and  shown  to  belong  to  the  family  of  the  ole- 
fines  (CnHn).  This  fact  has  been  since  confirmed  by  Flilckiger.' 
Analysis,  however,  can  only  decide  with  difficulty  whether  a 
body  containing  a  large  number  of  carbon  atoms  belongs  to  the 
olefine  or  to  the  parafiGn  series.  The  &ict  that  it  is  only  slowly 
attacked  by  boiliog  and  fuming  nitric  acid  would  rather  point  to 
its  belonging  to  the  latter  class.  It  melts  at  32°-5,  and  begins 
to  boil  at  272°,  but  soon  becomes  brown  and  carbonizes ;  from 
this  it  would  seem  that  it  is  a  mixture,  and  the  boiling-point 
indicates  that  it  contains  normal  hecdecane. 

433  Hecdeeatyl  Alcohol,  or  Cttyl  Alcohol,  C,gH„OH.  Spermaceti 
is  found  in  peculiar  cavities  in  the  head  otPhyteter  macrvc^^alns, 
P.  Tursio,  and  in  Delphinus  edmtulus.  During  the  life  of  the 
animal  the  spermaceti  is  kept  in  solution  in  the  sperm  oil  by 
the  animal  heat,  but  it  crystallizes  out  after  death.  It  is  freed 
as  much  as  possible  from  oil  by  filtration  and  treatment  with 
potash-lye,  and  then  melted.  The  commercial  product  is  a 
white,  scaly,  brittle  mass,  soft  to  the  touch;  and  from  this 
the  pure   spermaceti  fat  (cetin)  was  obtained  by  Chevreid  by 

>  SMherdiet  nir  la  dtcmLverlt  dt  Vtfoue  de  rott.     Vans,  1601, 

*  Fluckiger  »nd  Hinbury,  Pbarmaiographia,  233. 

*  Phwm,  Jonm.  18SB,  f.  74. 
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repeated  crystallizations.  Spermaceti  is  also  found  in  small 
quantity  in  the  blubber  of  the  BaUeonea  roatrata,  and  also  in 
the  oil  of  Delpkinus  fflobiceps. 

In  1818  Chevreul  found  that  this  fet  is  decomposed,  by 
heating  with  caustic  potash,  into  an  acid  which  he  had  already 
observed  in  other  &ts,  and  a  neutral  body.  This  latter  sub- 
stance be  analyzed,  and  gave  to  it  the  name  ethal,  a  name 
composed  of  the  first  syllables  of  the  words  ether  and  alcohol, 
because  be  believed  this  body  to  be  composed  of  defiant  gas  and 
water.^  Ethal  was  first  recognised  to  be  an  alcohol  by  Dumas 
and  Peligot.* 

Spermaceti  consists  chiefiy  of  the  cetyl-ether  of  palmitic  acid, 
CjjHjjO ;  but  it  also  contains  email  quantities  of  lauric,  myristio, 
oud  stearic  acids,  in  the  form  of  the  ethers  of  the  following 
alcohols,  which  have  not  yet  themselves  been  obtained  in  the 
pure  state :  > 

Lethal,  C„H„0. 

Methal,  C^H^O. 

Stethal,  CisI^O. 

In  order  to  prepare  pure  eetyl  alcohol,  a  solution  of  10  parts 
of  puriBed  spermaceti  in  30  parts  of  alcohol  is  boiled  for  some 
time  with  4'5  ports  of  caustic  potash,  and  then  precipitated  with 
barium  chloride.  The  whole  is  next  filtered,  and  the  hot  residue 
pressed  and  moistened  two  or  three  times  with  alcohol,  and  again 
pressed.  The  alcoholic  residues  are  then  distilled,  and  the  cetyl 
alcohol  which  was  dissolved  is  found  in  the  residue,  and  this  is 
then  dissolved  out  by  ether.  The  ethereal  solution  is  again 
distilled,  and  the  residual  compound  purified  by  repeated 
crystallizations  from  alcohol. 

Cetyl  alcohol  crystallizes  from  hot  spirit  of  wine  in  small 
scales,  melting  at  iQ'S,  and  solidifying  on  slow  cooling  in 
glistening  laminse.  It  boils  at  about  400°,  but  evaporates  per- 
ceptibly at  the  temperature  of  boiling  watet.  Heated  with 
caustic  potadi  to  250°,  it  forms  potasaiam  palmitate : 
C^Hj^O  +  KOH  -  C„H„KO,  +  2  H^. 

434  Cttyl  Oxide,  or  Dieetyl  Ether,  (CigHjj),©,  was  obtained  by 
Fridau  by  dissolving  sodium  in  fused  cetyl  alcohol  until  the 
evolution  of  hydrogen  ceased,  and  heating  the  product  with 
cetyl  iodide  to  110°,     Cetyl  oxide  crystallizes  from  alcohol  or 
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etber  in  ciystalliDe  glistening  lamitue,  vhich  melt  at  65*.  and 
solidify  on  cooling  to  a  radiated  crystalline  masB. 

Ethyl  Odyl  Ether,  CjHj(C„Hgg)0,  is  formed  hf  the  action  of 
cetyl  iodide  on  a  solution  of  sodium  in  spirit  of  wine.  It 
ciyatallizes  in  sctJes,  which  melt  at  20°.^ 

Cetyl  Chloride,  C„H,jCI,  ia  produced  hy  heating  cetyl  alcohol 
with  phosphorus  pentachloride.  It  is  a  liquid  which,  on  treat- 
ment with  water,  may  easily  be  obtained  in  the  pure  state.  It 
has  a  specific  gravity  at  12°  of  0  S4I2,  and  boils  at  290°  with 
partial  decompoeitioo. 

Cetyl  Bromide,  CigHj,Br,  is  obtained  by  the  gradual  addition 
of  phosphorus  and  l»YimiDe  to  the  alcohol  heated  to  100°.  It 
is  a  white  solid,  melting  at  15°. 

Cetyl  Iodide,  Cj^H^I,  is  prepared  in  a  similar  way  to  the 
bromide,  and  crystallizes  &om  alcohol  in  white  scales,  whi<^ 
melt  at  22°,  and  decompose  when  heated  to  250'  (Fridau). 

Acid  Cetyl  Sulphate,  H(0,gHj3)S0^  is  produced  by  warming 
the  alcohol  with  concentrated  sulphuric  acid  to  100°.  If  the 
product  be  then  neutralized  with  alcohohc  potash,  and  the 
filtrate  evaporated,  potassium-cetyl  sulphate  is  obtained,  crystal- 
lizing in  pearly  glistening  scales.  Pure  cetyl-sulphuric  acid  ia 
not  known. 

Cetyl  Acetate,  Cj,K„(CtH,0,),  is  prepared  by  heating  cetyl 
alcohol  wilh  glacial  acetic  acid,  and  is  a  crystalline  body,  melting 
at  18*. 

CUyl  Hydrosvlphide,  CigHjj.SH,  is  formed  by  bei^ing  cetyl 
chloride  with  an  aqueous  solution  of  potassium  hydroeulphide. 
It  forms  crystalline  scales,  melting  at  50°,  and  having  a  feint 
but  peculiar  smell.  Its  alcoholic  solution  yields  white  preci[n- 
tates  with  silver  nitrate  and  mercuric  chloride. 

Cetyl  Sulphide,  (OigHjg),S,  is  obtained  in  a  similar  way  fix>m 
potassium  sulphide,  and  crystallizes  in  silver-white  lanmue, 
which  melt  at  57°. 

Cetyl  Oxydithio-earbonie  Acid,  CS  -fgH"^"*  This  body 
corresponding  to  xanthic  acid  (p.  389),  is  not  known  in  the  free 
state,  hut  its  potassium  salt  is  formed  when  cetyl  alcohol  ia 
treated  with  carbon  disutphide  and  caustic  potash.  On  evapo- 
rating the  alcoholic  solution,  it  separates  as  a  light  crystallina 
powder.* 
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Triceiiflamiju,  (H^TT^^N,  Thia  was  obtained  by  Fridau  by 
pesBing  ammotiia  over  cetyl  iodide,  beated  to  150°,  the  tempera- 
tare  being  gradually  raised  to  180°.  It  cryBtallizes  from  alcohol 
in  white  needles,  meltii^  at  39°,  and  forms  salts  which  are 
insoluble  in  water.  The  hydrochlonite,  (CjaHjJjNHCl,  cryetal- 
lizas  &om  hot  alcohol  in  glistening  needles.  Its  solution  yields 
with  platinic  chloride  a  cream-coloured  precipitate,  having  the 
formula.  2(CiaHgJ,NHCl  +  PtCl^. 

Falmiialdehyde,  Ci,HjjO,  is  formed,  according  to  Friedel,  by 
heating  cetyl  alcohol  with  potassium  dichromate  and  sulphuric 
add.  A  better  process  is  to  distil  a  mixture  of  calcium  palmi- 
tate  and  formate  under  diminished  pressure.  It  crystallizes 
from  ether  in  glistening  scales  which  melt  at  SS'S,  and  boils 
under  a  pressure  of  100  mm.  at  239° — 240°.^ 


Palmitig  Acid,  C3u,H,i.C0,H. 

435  So  early  as  the  year  1813,  Chevreul  pointed  out  that  the 
soap  obtained  by  saponification  of  pig's  lard  yields  on  decom- 
position two  fiits  having  acid  properties,  one  of  which  is  solid 
and  the  other  liquid.  The  former  of  these,  on  account  of 
the  pearly  character  of  its  potash  salt,  he  termed  margarin 
(j*apyapoit,  pearl-shell).  In  a  subsequent  investigation  in 
1816,  he  came  to  the  conclusion  that  saponification  depends 
on  the  combination  of  a  iatty  acid  with  the  alkali  and  the 
simultaneous  separation  of  glyceriiL  To  the  two  above  fatty 
acids  he  'then  gave  the  names  of  actde  margariqae  and  adde 
oUi^w.  The  subsequent  investigation  of  many  other  i&i& 
showed  that  the  consistence  of  these  bodies  depends  on  the 
proportion  of  the  solid  and  of  the  fluid  fat  which  they  con- 
tain. To  the  first  of  these  he  gave  the  name  of  sttarin 
(from  irredp,  tallow)  and  to  the  other  that  of  elitnt  (from  Sktuov, 
oU).  Lastly,  in  1820,  he  distinguished  two  kinds  of  fatty  acids, 
namely,  acide  margariqM  and  adde  margarevx,  to  the  last  of 
which  he  afterwards  gave  the  name  of  adde  sUarique.  Chevreul 
did  not,  however,  believe  tliat  any  real  distinction  between  the 
two  acids  existed,  and  he  threw  out  the  idea  that  margaric  acid 
would  after  all  turn  out  to  be  a  mixture  of  stearic  acid  with 
some  easily  fusible  acid.  Nevertheless,  margaric  acid  was  usually 
to  be  a  definite  compound,  and  to  it  the  formula 

>  EnOi,  Ser.  Deuitch.  Chem.  Oa.  ziii.  1416. 
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CijHg^Oj  was  given,  although  the  acid  obtaiDed  by  different 
chemists  showed  considerable  variations  in  meltii^-point. 

In  the  year  1852,  Heintz'  showed  that  an  acid  having  the 
above  composition  does  not  occur  in  nature,  and  that  the  solid 
fatty  acids  all  contain  an  even  number  of  carbon  atoms.  He 
was  able  to  show  that  margaric  acid  can  be  decomposed  into 
stearic  acid  and  another  acid  which  is, found  in  large  quantity 
in  palm-oil,  and  to  which  he  therefore  gave  the  name  of 
palmitic  acid,  reserving  the  name  margaric  acid  for  the  acid 
containing  seventeen  carbon  atoms,  which,  as  we  shall  see,  he 
had  prepared  synthetically. 

Palmitic  acid  is  usually  found  as  the  glycerin-ether  or 
palmUin,  occurring  in  various  vegetable  and  animal  fiits  and 
oils,  usually  with  stearin,  oleine,  and  other  fats.  Thus,  for 
iustance,  it  occurs  in  butter,  human  fat,  olive  oil,  cocoa-nut  oil, 
and  in  large  quantity  in  palm-oil  (from  Ealais  ffuianmgis),  in 
Chinese  tallow  (from  Stillingia  SM/era),  in  Japanese  wax 
(from  Ehus  Succedanea),  and  it  also  occurs  as  the  ethers  of  the 
monad  alcohol  radicals  in  spermaceti,  and  other  kinds  of  wax. 

It  is  best  obtained  from  palm-oil,  which  in  addition  contains 
only  oleic  acid ;  so  that  it  may  be  obtained  by  boiling  with 
caustic  potash,  and  decomposing  the  soap  by  sulphuric  acid,  the 
acid  being  purified  by  repeated  crystallization  from  hot  alcohol 
in  which  oleic  acid  is  easily  soluble.  The  crystals  are  well 
pressed,  and  pure  palmitic  acid  is  obtained.' 

Palmitic  acid  crystallizes  in  tufts  of  small  white  needles 
which  melt  at  62°,  and  solidify  on  cooling  to  a  white  scaly 
masa  It  cannot  be  distilled,  even  in  absence  of  air,  without 
some  decomposition  occurring,  and  under  a  diminished  pressure 
of  100  mm.  it  boils  at  26S''-5. 

Its  salts  are  analogous  to  those  of  its  nearer  homologiiea. 

By  the  dry  distillation  of  calcium  palmitate,  the  ketone  of 
this  acid,  or  palmitone,  (CjjH^jCO,  is  obtained,  together  with 
other  products.  This  body  crystallizes  in  pearly  scales  melting 
at  84°.* 

The  polmitates  of  potassium  and  calcium  are  the  chief  com- 
ponents of  the  so-called  adipocire,  a  wax-like  mass  frequently 
left  as  the  result  of  the  decomposition  in  the  earth   of  the 

'  /ouru.  PraJd,  Chem.  livi.  1. 

*  Sleuhause,  Fhil.  Uag.  [3],  xriii.  138  ;  Scbwarz,  Aim.  Chan.  Pkarm.  1i.  09. 

*  Pirio,  Ann.  Chem.  PKarm.  Ixxxii.  24S  ;  Herci,  ib.  clxxxvL  2S6  i  Comflta 
Stndui,  xxiiT.  140. 
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bodies  of  men  and  animals.  Other  fatty  acids  are  also  contained 
in  this  material  The  first  mention  of  this  substance  is  found 
in  a  letter,  dat^  November  17, 1664,  from  Henry  Oldenburg, 
then  Secretary  of  the  Boyal  Society,  to  Robert  Boyle,  "Mr. 
Howard  produced  a  substance  taken  out  of  the  grave  of  a  man 
who  had  been  dead  thirty  years,  and  was  in  a  manner  all 
wasted,  but  that  a  piece  of  fat  remained  about  the  place  of  his 
belly,  of  which  this  present  was  a  small  portion,  which  being 
put  upon  the  fire,  burned  and  emelled  like  &t."  ^  The  above 
name  was  given  to  this  substance  by  Four^roy  as  standing  half- 
way between  fat  and  wax. 

Eihyl  PaimUaie,  CjgHjiOj(CjHj),  is  obtained  by  passing 
hydrochloric  acid  into  a  hot  saturated  alcoholic  solution  of  the 
acid.     It  crystalhzes  in  hard  prisms,  melting  at  24°. 

Cetyl  PalmUate,  CiflHjjOj(CiaH^,  is  the  chief  constituent  of 
^termaceti ;  from  which  it  may  be  obtained  by  repeated  crystal- 
lizations from  hot  alcohol  and  ether,  when  it  is  deposited  in  the 
form  of  thin  glistening  scales,  melting  at  53°'5. 

laopalmitic  Acid,  or  Diheptylaceiic  Add,  {CjHis)5CH.C0jH, 
is  obtained  by  the  decomposition  of  the  diheptylacetic  ether. 
It  forms  a  white,  hard,  crystalline  mass,  melting  at  26° — 27°, 
and  boihng  under  a  pressure  of  80 — 90  mm.  between  240" 
and  250°.* 


COMPOUNDS  CONTAINING  SEVENTEEN  ATOMS 
OF  CARBON. 

436  Pentadeeaiyl-^metkyl  Ketone,  CHg(CujI^)CO,  is  obtained  by 
the  dry  distillation  of  a  mixture  of  barium  acetate  and  barium 
palmitate  under  diminished  pressure.  It  yields  colourless 
ciystals  which  melt  at  48°,  and  boils  under  the  normal  pressure 
at  319°— 320  (Krafft). 

Margaric  Add,  C,aHgj,COjH,  was  obtained  synthetically  by 
distilling  a  mixture  of  potassium  cetyl  sulphate  and  potassium 
cyanide.  The  crude  margaronitril  thus  obtained  was  decom- 
posed by  boiling  with  alcohohc  potash,  and  the  acid  separated 
from  the  product.'     Krafft  obtained  this  acid  by  the  oxidation 
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of  methyl-beptdecatyl  ketone.'  It  forms  colourless  crystals 
which  melt  at  5d°'d,  and  solidify  on  cooling  to  a  pearly  scaly 
mass.    It  boils  uader  100  lam.  {Hvamire  at  277°. 


COMPOUNDS  CONTAINING  EIGHTEEN  ATOMS 
OF  CAKBON. 

437  Slearaldthyde,  CjjH^O,  is  obtained  fiom  stearic  acid  by 
vell'known  proceBses,  and  ciystallizes  from  ether  in  fine  lamins 
having  a  bluish  lustre.  It  melts  at  63''*5,  and  boils  under  a 
pressure  of  100  mm.  at  259°— 261°  (Krafft). 

Stearic  Acid,  CjgH^Oi.  This  acid,  as  baa  already  been  men- 
tioned, is  a  constituent  of  many  fats ;  muttoa-suet,  beef-suet,  and 
similar  bard  fats  being  eqtecially  rich  in  this  acid.  Chevreul 
appears  to  have  prepared  stearic  acid  almost  pure,  but  Helntz 
.first  obtained  it  in  a  perfectly  pure  state  in  hia  valuable  researches 
on  the  tatty  acids.  It  is  b^  prepared  from  suet,  the  soap  being 
decomposed  by  hydrochloric  acid  and  the  mixture  of  acids 
dissolved  in  the  smallest  possible  quantity  of  hot  alcohol.  The 
mass  which  separates  out  on  cooling  is  dried  as  much  as  pos- 
uble  by  pressure,  and  then  repeatedly  crystallized  &om  large 
volumes  of  alcohol  until  the  melting-poiut  of  the  acid  reaches 
69°'l — 69°'2.  A  more  rapid  mode  of  procedure  is  as  follows : 
first  to  remove  the  oleic  acid  by  repeated  crystallization  from 
alcohol  and  pressing  the  solid,  then  to  dissolve  the  mixture 
of  palmitic  and  stearic  acids,  which  melts  at  about  59°,  in  hot 
alcohol,  and  to  add  to  every  four  parts  of  the  mixed  acids 
one  part  of  magnesium  acetate  dissolved  in  hot  alcohol  By 
this  means  a  precipitate  of  almost  pure  magnesium  stearate 
is  obtained,  and  this,  after  pressing,  is  decomposed  by  boiling 
hydrochloric  acid  and  the  stearic  acid  recrystaUised. 

Perhaps  the  best  source  of  chemically  pure  stearic  acid  is  the 
commercial  stearic  acid  of  which  candles  are  made,  which  con- 
sists entirely  of  a  mixture  of  stearic  and  palmitic  acids.  The 
manufacture  of  this  material,  which  is  carried  on  ^multaneoualy 
with  that  of  glycerin,  will  be  hereafter  described. 

Shea-butter,  a  species  of  vegetable  Cat  found  in  West  Africa, 

1  Btr.  J>eHlKA.  Gliam.  On.  ziL  1672. 
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ia  also  suitable  for  the  preparation  of  stearic  acid,  inaamucli  as 
the  substance  only  contains  stearic  and  oleic  acids.' 

Stearic  acid  crystallizes  from  hot  alcohol  in  nacreous  lamints 
or  needles,  which  melt  at  69°'2,  to  a  colourless  oil,  again  solidify- 
ing OD  cooling  to  a  fine,  vhite,  scaly,  crystalline  mass.  It  can  be 
distilled,  but  under  the  normal  pressure  Buffers  partial  decom- 
position. Under  a  pressure  of  100  mm.  it  boils  constantly  at 
287°  (Krafft).  Its  specific  gravity  from  9°  to  11°  is  equal  to 
that  of  water  (H.  Kopp). 

Bstagsium  Stearate,  GigHjjOjK,  crystallizes  from  hot  alcohol 
in  needles  or  scales.  It  dissolves  in  ten  parts  of  water  at  the 
ordinary  temperature,  forming  a  mucilc^nous  mass.  On  heat- 
ing, however,  the  solution  becomes  clear,  and  when  poured  into 
a  large  volume  of  cold  water  the  so-called  acid  stearate, 
CjgHgjOjK  +  CigH^Oj,  separates  out  in  delicate  white  pearly 
laminffi. 

Sodium  Stearate,  CigHgjOjNa,  forms  the  chief  constituent  of 
ordinaiy  tallow  8oap.  It  ciystallizes  from  hot  alcohol  in  forms 
similar  to  the  potassium  salt,  and  like  this  is  decomposed  by  a 
large  volume  of  cold  water  into  free  alkali  and  the  acid  salt. 
This  method  may  be  employed  for  the  preparation  of  pure 
stearic  acid  by  dissolving  good  tallow  soap  in  six  parts  of  hot 
water  and  addifig  to  this  fifty  parts  of  cold  water,  when  a  mixture 
of  sodium  palmitate  and  sodium  stearate  is  precipitated.  This 
is  then  dissolved  in  hot  alcohol,  and  on  cooling  the  stearate  first 
separates  out,  and  this  is  decomposed  by  hydrochloric  acid,  and 
the  acid  purified  by  recrystallization. 

The  stearates  of  the  alkaiine  earths  are  crystalline  precipitates 
insoluble  in  water.  The  magnesium  salt,  which  is  obtained  in 
the  form  of  a  white  flocculent  |a%cipitate,  crystallizes  from  alco- 
hol in  delicate  laminss.  The  stearates  of  the  other  metals  form 
imperfectly  crystallized  or  amorphous  precipitates. 

By  the  dry  distillation  of  a  mixture  of  the  pure  calcium 
salts  of  acetic  and  stearic  acids  meUtyl-hejitdecatyl  ketone, 
CH,(C„H^CO,  is  formed.  This  body  melts  at  65°-5,  and 
distils  at  266°'5  under  a  pressure  of  100  mm. 

When  calcium  stearate  is  distilled  alone,  a  variety  of  products 
are  formed,  amongst  which  stearone,  (C^7^3^)2CO,  occurs.  This 
body  crystallizes  from  ether  in  lamime  which  melt  at  S7°'8.* 

*  H.  L.  Bnfi;  Omtlin'i  SamOnok,  xrii.  1041 ;  Oodemums,  Jaurtt.  PivU.  Ohem. 
Ixxxix.  SIS. 

*  BttBj,  Attn.  Chan.  PAtirm,  ii.  270. 
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Methyl  Stearate,  0^3^0^(011,),  is  an  indistinctly  crystallized 
fatty  mass,  melting  at  38°. 

Ethyl  Stearate,  CigH,jOj(C,H(),  forma  a  waxy  crystalline  mass 
melting  at  33°*7. 

Di-odyl  Acetic  Acid,  or  Itostearie  Acid,  (OgHjj),OH.CO,H. 
Tliis  body  -was  obtained  by  Qutbzeit  by  means  of  tbe  aceto-acetic 
ether  reaction  by  replacing  two  atoms  of  hydrogen  in  acetic  acid 
by  normal  octyL*  It  crystallizes  from  alcoholic  aolution  ia  fine 
transparent  laminfe,  melting  at  38°'5,  and  boiling  under  a  pres- 
sure of  100  mm.  at  270" — 275°.  Its  salts  resemble  those  of 
stearic  acid.  The  barium  salt  crystallizes  from  boiling  absolute 
alcohol  in  interlaced  needles. 

Ethyl  laostearate,  OuH„0^0,H^,  is  a  colourless  oily  liquid, 
boiling  under  a  pressure  of  lOU  mm.  at  275° — 280°,  and  not 
solidifying  even  below  0°. 

Ceiylacetie  Acid,  (C,(H^CHyCOjH,  has  also  be«i  prepared 
synthetically  by  Quthzeit.  It  crystallizes  fi¥>m  hot  absolute 
alcohol  in  small  wart-like  concretions,  and  melts  at  fiom  63° — 
6V.« 


FATTY  ACIDS  CONTAINING  FROM  NINETEEN 
TO  TWENTY-FOUR  ATOMS  OF  CARBON. 

438  Nondecaioxe  Aeid,  0„H,t.COiH,  is  said  to  be  obtained  to- 
gether with  mat^aric  acid  from  crude  margaronitril  It  forms 
a  scaly  crystalline  mass  melting  at  66°'2  (Heintz). 

Araehiiic  Acid,  C„H^00jH,  occurs  in  earth-nut  oil  (Araehis 
hypogcea)*  and  also  in  butter.*  It  crystallizes  &om  alcohol  in 
very  small  shining  lamins,  having  a  pearly  lustre,  and  melting 
at  75°. 

MedvUic  Acid,  C,oH„.COgH,  is  found  together  with  other 
acids  in  beef  fat.     It  melts  at  72°-5. ' 

Behenie  Acid,  CnH^.COjH,  is  a  constituent  of  oil  of  ben, 
obtained  from  the  seed  of  Moringa  oleiffTa.  It  crystallizes  at  76°, 
BolidiQdng  irom  fusion  in  a  white  mass.^ 

>  LiM^a  Ann.  cciT.  1 ;  Conrad  and  Bischoff,  A.  IBS. 

*  lb.  eovi  351. 

267.  v™~u— . 

*  Heinti.  Fogg.  Ann.  xe.  1*6.  '  Eglar*.  Jallrab.  1860,  825. 

*  VolclMr,  ^wi.  Cheat,  l^tarm.  bay.  341 
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Lignoceric  Acid,  CjgHj^COjH,  is  found  in  paraffin  and  in 
beechwood  tar.  It  crystallizes  from  hot  alcohol  in  interlaced 
needles  melting  at  SO^'a.' 

An  acid  of  the  same  composition,  bnt  melting  at  45° — 47°, 
was  obtained  by  Pouchet  by  oxidizing  solid  paraffin  with  fuming 
nitric  acid.     He  gave  to  this  tiie  name  of  ptiraffinic  acid.* 

Hyaenasic  Add,  C„H^COjH,  was  found  by  Carius  in  the  anal 
glandular  pouches  of  the  striped  hysena  {Syama  stricia).  It 
crystallizes  from  alcohol  in  granules  consisting  of  microscopic 
curved  needles,  and  from  ether  in  more  distinct  crystals.  It 
melts  at  TTS.' 

The  existence  of  these  acids,  with  the  exception  of  arachic 
and  lignoceric  acid,  is  somewhat  doubtM. 


THE  WAXES. 

439  Professor  John,  in  Berlin,  who  in  1812  was  the  first  to 
examine  beeswax,  found  that  it  could  be  separated  into  two 
constituents  by  boiling  alcobol.  The  easily  soluble  portion  he 
termed  cmn,  and  the  more  insoluble  m-yricin.  Other  chemists 
occupied  themselves  with  investigations  of  the  various  kinds  of 
wax,  but  Brodie's  investigations  first  threw  a  clear  light  upon 
this  subject.* 

Ceryl  Alcohol,  C„Hj(0.  Chinese  wax  is  produced  by  the 
puncture  of  an  insect  (Coccus  ceriferus)  on  the  various  speciea 
of  Hhus,  Ligustrnm,  and  Hibiscus,  and  that  of  Coccut  Pela, 
on  Fraxinus  chinensie.  Chinese  wax  consists  ^most  entirely 
of  cerotyl  cerotate,  CjjHjjOj(CbHjj).  It  can  be  purified  by 
reciystallization  from  solution  in  the  lighter  tar-oils  and  alcohol. 
It  melts  at  82*. 

In  order  to  obtain  the  alcohol  frotp  this  substance,  the  wax  is 
melted  with  caustic  potash,  the  fused  mass  treated  nith  boiling 
water,  and  barium  chloride  added,  the  solution  filtered,  and  the 
washed  precipitate,  consisting  of  a  mixture  of  barium  cerotate,  ; 
and  ceryl  alcohol,  washed  and  dried.  The  latter  substance  is 
then  dissolved  out  by  boiling  alcohol,  to  which  a  small  quantity 
of  benzol  has  been  added,  and  crystallized  from  a  solution  in  a 
mixture  of   alcohol    and    ether.      It   forms   a   waxlike  mass 

1  Hell  ind  HorniMms,  Btr.  Ikui*(A.  CTiem.  Get.  lifl.  1713, 

*  BuU.  Soe,  Chim.  niii-  111-  *  -^s"-  Chein.  Pham.  erdx.  188. 

*  PhU.  Tnau.  1848,  i.  168. 
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which  m«lto  at  79',  and  partiaUy  decomposes  od  distillation  into 
vater  and  ceiylene,  C^^H^. 

Ceryl  PalmUaU,  Ct^O^iC^fi.^,  n  found  together  with 
ceiyl  cerotate  in  opium-wax,  and  separates  from  solution  in 
cbloio&am  or  hot  alcohol  in  small  prisms,  melting  at  79°.^ 

Jaoceryl  AUoHud,  Cj^Hj^OH,  ocean  in  a  wax  found  in  Java, 
and  ohtained  fixtm  the  Ficiu  gvmv^firta,  and  separates  out  from 
ethereal  solution  in  crystals  wliich  melt  at  €2°.* 

440  Cerotie  Acid,  Gj,H„.CO,H,  is  the  substance  termed  c»in 
by  John,  and  forms  usually  the  chief  couBtituent  of  beeswax. 
Sometimea,  however,  it  is  altogether  absent,  as  for  exan^e  in 
the  wax  from  wild  bees  in  Wiltshire,  and  in  a  beeswax  from 
Ceylon,  examined  by  Brodie. 

Cerotie  acid  is  also  formed  by  heating  cerfl  alcohol  with 
potash-lime. 

In  order  to  prepare  it  from  beeswax  this  substance  is 
repeatedly  boiled  with  alcohol,  and  the  crude  acid  which  separates 
oat  on  coaling,  repeatedly  crystallized.  It  is  then  dissolved  in 
boiling  alcohol,  and  precipitated  by  hot  alcoholic  solution  1^1 
lead  acetate.  The  precipitate  is  washed  with  hot  alcohol  and 
ether,  decomposed  by  hot  acetic  acid,  and  recryBtalUzed  from 
alcohol  Ceootic  acdd  ia  also  formed,  according  to  Gill  and 
Meusel,  by  oxidizing  solid  paraffin  with  chromic  acid  or  dilute 
nitric  acid.  It  forms  granular  crystals,  melting  at  81*-~82°,* 
and  solidifying  to  a  waxlike  mass. 

Acctmling  to  Heintz  cerotie  acid  is  probaUy  a  mixture,  and 
this  view  has  been  proved  to  be  correct  by  the  recent  experi- 
menta  of  Schalfejew.*  This  chemist  finds  that  all  Brodie'a 
statements  are  correct,  but  he  asserts  that  by  fractional  predp- 
tation  cerotie  acid  can  be  decomposed  into  two  constitaents,  of 
which  as  yet  only  the  acid  Gf^H^O,  has  been  obtained  in  the 
pure  state,  and  this  melts  at  91°. 

^xMyrieyl.arMdiKglAla^wl.C^^'S..  Uyricin,  the  more 
difficultly  soluble  portion  of  beeswax,  consists  of  myricyl  palmi* 
tate,  and  this  substanco  occurs  in  especially  latge  qu&nUty  in  a 
wax  from  Ceylon  (Brodie).  Myricyl  alcohol  is  best  obtained  from 
Canaiibe  wax,  a  substance  found  in  thin  films  on  the  leaves  of  a 
Brazilian  palm  {C<^pemicia  eerifera).  This  iaaaa  a  pale  green 
mass,  melting  at  95° — 97°,  and  consisting  of  a  mixture  of  a 

>  Hetse,  Ber.  DaOtA.  Chtm.  Qea.  iiL  eS7.  ■  jTewal,  A,  zi  SI13. 

■  HukeleyiM,  Quart.  Jount.  CAma.  Sue.  t.  34. 
*  Ber.  DmUA.  Chttn.  OM.  ix.  27S  ud  16SS. 
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retiinous  body  with  myricyl-  and  probably  ceryl-ethers.*  By 
repeated  treatment  with  strong  alcohol  at  20° — 25*  the  colouring 
matter  is  removed,  and  the  residue  is  then  heated  with  alcoholic 
potash.  The  residue  remaining  on  evaporation  is  boiled  with  a 
solution  of  acetate  of  lead,  and  the  mixture  of  lead  salts  and 
wax-alcohols  thus  obtained  is  well  dried,  and  treated  with  pure 
ether  free  frxim  alcohol.  On  cooling,  myricyl  alcohol  sepatates 
out,  and  is  purified  by  recrystallization. 

Myricyl  ^cohol  is  a  crystalline  sUky  mass,  melting  at  85°,  and 
solidifying  as  a  fibrous  crystalline  mass  on  cooling.  It  is  scarcely 
soluble  in  cold  ethyl  alcohol. 

Mdissyl  Chloride,  CgoHgjCl,  is  formed  by  heating  the  alcohol 
with  phosphorus  pentachloride,  when  the  ether  separates  out 
as  a  wazlike  mass,  melting  at  6i°'5. 

Melittyl  Iodide,  0^„I,  is  obtained  by  the  action  of  iodine 
and  phosphorus  on  fused  melissyl  alcohol  It  separates  out 
from  alcohol  in  the  form  of  crystalline  grains,  melting  at  67°. 
When  heated  in  a  current  of  ammonia  to  120°  a  mixture  of  the 
primary,  secondary,  and  tertiary  baeea  is  obtained,  which  have 
not  as  yet  been  obtained  pure, 

Melissyl  Sydrosulphide,  CjoHg^SH,  is  formed  by  boiling  the 
chloride  with  alcohol  and  potassium  sulphide.  It  is  a  yellow 
amoiphous  powder,  without  taste  or  Bmiell,  and  melting  at  94'5*. 

Melissic  Acid,  C^H^COjH,  does  not  occur  in  nature,  but  is 
obtained  as  a  crystalline  mass  by  heating  the  alcohol  with 
potash-lime  to  220°  as  long  as  hydrogen  is  evolved  (Brodie, 
Fieverling).  It  crystallizes  from  alcohol  in  small,  fine,  silky 
needles,  which  melt  at  8d'''5.  Its  alcoholic  solution  has  a 
faintly  acid  reaction. 

Poiatgium  Melismie,  C^^OjK,  crystallizes  from  alcohol  m 
glistening  needles,  and  dissolves  in  about  20  parts  of  water, 
forming  a  turbid,  gummy  liquid,  from  which  the  acid  salt  is 
fO'ecipitated  on  addition  of  an  excess  of  water. 

Lead  Meliisate,  (Cg^ggO^iPb,  is  formed  as  an  amorphous  pre- 
cipitate, but  crystallizes  from  boiUng  toluol  in  glistening  needles. 

Ethyl  MdisBoU,  Ck,H„Oj(C^b),  is  obtained  by  boiling  the 
diver  salt  with  ethyl  iodide.  It  is  easily  soluble  in  alcohol 
and  ether,  and  is  a  waxlike,  odourless  mass,  melting  at  73°. 

443  Thtobronie  Acid,  CgjHjf^COiH,  is  found,  together  with 
other  acids,  in  cocoa-butter.     It  crystallizes   from  alcohol  in 

1  llHkelTiM,  Jvwm.  Chnn.  ;Sbe.  [S],  vli.  87 ;  PieTcrlliig,  LiA  Jm.  olxExUL 
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microscopic  needles,  which  melt  at  72'-2.  This  low  fusing-poiat 
appears  to  iodicate  that  the  acid  has  not  been  obtained  in  the 
puie  state,  and  hence  we  may  conclude  that  its  formula  has  not 
been  definitely  aBcertained.^ 

GENERAL  PROPERTIES  OF  THE  PATTY  ACIDS. 

443  Theobromic  acid  forms  the  last  mejpber  of  the  series  of 
fatty  acids.  It  has  already  been  stated  that  this  was  the  first 
series  of  homolt^us  bodies  which  was  tolerably  well  known. 
Ifot  only  have  the  omissions  of  that  early  time  been  now  filled 
up,  but  a  large  number  of  isomerides  have  been  discovered. 

The  fatty  acids  were  formerly  divided  into  the  two  classes 
of  liquid  and  solid  acids;. the  latter  class  including  all  those 
which  contained  more  than  ten  atoms  of  carbon.  This  distinc- 
tion cannot,  however,  now  be  adopted,  inasmuch  as  trimethyl- 
acetic  acid  is  solid  at  the  ordinary  temperature. 

The  lower  members  of  the  series  are  soluble  in  water,  but  the 
solubility  diminishes  with  increase  of  the  number  of  carbon 
atoms,  until,  at  last,  it  entirely  ceases- 

In  the  case  of  the  salts,  too,  with  the  exception  of  those  of 
the  alkali-metftls,  the  solubility  decreases  with  increase  of 
molecular  weight.  The  acid  character  likewise  diminishes,  so 
that  an  acid  with  a  small  atomic  weight  can  displace  from  its 
salts  one  having  a  higher  atomic  weight. 

444  Separation  of  the  Fatty  Adds. — These  distinctive  charac- 
ters have  been  employed  for  the  purpose  of  separating  mixtures 
of  &tty  acids  into  their  constituents,  and  such  methods  have 
already  been  frequently  alluded  to. 

If  the  acids  are  volatile  with  tolerable  ease,  the  method  of 
partial  neutralitatum  may  be  employed  for  their  separation.* 
As  an  example  we  may  take  a  mixture  of  butyric  and  valerianic 
acids.  If  caustic  soda  be  gradually  added  to  this,  all  the  butyric 
acid  is  first  combined.  In  this  way,  then,  only  a  part  of  the  acid 
mixture  is  neutralized ;  the  whole  is  then  distilled ;  either  the 
distillate  consists  of  pure  valerianic  acid,  or  the  residue  conM&ta 
of  pure  butyric  acid,  according  to  the  quantities  of  the  two  adds 
present.  In  the  first  case  the  residual  sahne  mass  contains  vale- 
rianic as  well  as  butyric  acid,  and  if  sulphuric  acid  be  added,  the 
former  is  Gi^  set  fr^e,  and  can  be  distilled  off.  In  the  second 
case  the  distillate  contuns  both  valerianic  and  butyric  acids.  The 
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latter  can  be  separated  \ty  a  repetition  of  the  metliod  of  partial 
nentralizatioD,  and  the  valerianic  acid  can  be  removed  by  distil- 
lation. By  a  repetition  of  these  operations  a  mixture  of  two, 
ax  even  more,  of  these  volatile  &tty  acida  cao  be  completely 
separated  from  one  another. 

In  the  oxidation  of  the  ketones  which  contain  methyl,  acetic 
acid  ia  formed  together  with  another  fatty  acid.  If  the  dilute 
aqueous  solution  b^  distilled,  the  latter  acid  passes  over  first, 
the  acetic  acid  remaining  almost  completely  in  the  residue.  By 
a  repetition  of  this  operation  it  is  also  possible  to  separate  these 
acids  completely  from  one  another.^ 

The  solid  fatty  acida  can  be  separated  by  the  method  ot/rae- 
timtal  predpitation  proposed  by  Heintz.*  An  alcoholic  solution 
of  acetate  of  barium,  magnesium,  or  lead  ia  added  to  the  alcohoHc 
solution  of  the  acids,  when  the  fatty  acid  richest  in  carbon  is 
first  |H^pitated,  care  being  taken  that  the  precipitant  is  added 
in  quantity  sufficient  only  to  throw  down  a  small  portion  of  the 
acids  present.  The  filtrate  is  then  treated  in  a  similar  way,  and 
the  various  precipitates  thus  obtained  are  decomposed  by  hydro- 
chloric acid.  The  acids  thus  separated  out  are  again  treated  in 
a  eimilar  way,  until  a  pure  compound  ia  obtained,  thia  being 
ascertained  by  the  melting-point.  If  the  melting-points  of  the 
different  fractions  are  found  to  be  identical,  and  correspond  with 
that  observed  in  the  previous  partial  precipitation,  it  may  be 
concluded  that  the  pare  acid  has  been  obtained,  especially  if 
the  point  of  solidification  is  identical  with  the  melting-point,  for, 
in  the  case  of  a  mixture,  the  melting-point  and  point  of  sohdi- 
ficatitm  do  not  fall  together,  the  first  being  genendly  lower  than 
that  of  the  more  easily  fusible  conatituent.  Besides,  the  texture 
of  the  mixture  is  a  totally  different  one  from  that  of  the  pure 
acid.    The  following  examples  illustrate  this: 

Hfztnnof 
Stearic  l  Falmitio 
Acid.         Acid. 
100  0    . 

80  20    . 

60  40    . 

40  60    . 

30  70    . 

20  SO    . 

0  100    . 


Point  of 

Teitnreon 

M.P. 

Solidifiation. 

Solidi&cation. 

69"-2 

69--2 

Crystalline  ecalea. 

65"-3 

60''3 

Fine  needles. 

60*-3 

5e--3 

Non-crystalline. 

56--3 

54-'3 

Large  plates. 

55*1 

51"-0 

srs 

53"-8 

Ill-deAnedneedles. 

62*0 

ea-o 

Scales. 
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It  has  already  been  stated  that  Heintz  showed,  hj  this  process 
of  partial  decompoaitioQ,  that  the  so-called  nuugaric  acid  cod- 
sists  of  a  mixture  of  stearic  and  palmitic  acids,  and  by  this 
process  these,  aa  well  as  other  &tty  acids,  have  beea  obtained  in 
the  pure  stata 

If  to  a  mixture  of  two  acids  a  third  be  added,  the  melting- 
point  is  still  further  lowered,  even  when  the  melting-point  of 
the  third  acid  in  the  pure  state  is  higher  than  that  of  the  two 
others. 

445  As  in  other  homologous  series,  the  boiling-points  of  the 
&tt7  acids  rise  with  increase  of  CHj.  This  is  shown  in  the 
following  table  of  the  normal  acids : 


Formic  acid, 

CHjO,       . 

.      99*-0 

Acetic  add. 

C,H,0,     . 

.    119*-0 

Propionic  acid. 

C,H,0,     . 

.     !«• 

Butyric  acid. 

C,H,0,     . 

.     163* 

Pentoic  acid. 

C.H„0,    . 

.     ISo- 

Caproic  acid. 

C,H„0,    . 

.     205* 

CEnanthylic  acid. 

C,H„0,    . 

.     223*-5 

Oaprylic  acid. 

C,H„0,    . 

.    236'0 

Pclargonic  acid. 

C,H,jO,    . 

.     253*-5 

Capric  acid. 

C„HJ,0,  . 

.     269° 

The  higher  members  of  the  series  which,  as  has  been  stated,  are 
usually  termed  the  solid  fatty  acids,  decompose  more  or  less  at 
their  normal  boiling-points.  They  may,  however,  be  distilled 
without  decomposition  under  diminished  pressure.  Whether 
they  all  beloi^  to  the  atmnal  series  has  not  been  ascertained 
with  certainty,  although  this  is  most  probably  the  case.  The 
following  table  gives  the  boiling-points  of  these  acida  under  s 
pressure  of  100  mm.,  and  for  the  purpose  of  comparison  that  of 
capric  acid  under  the  same  pressure  is  also  given  : 


Capric  acid. 

C„H„0,  . 

.     .     201--3 

Hecdecatoic  acid. 

C„H^O,  . 

.     .     2ir-5 

Laurie  acid. 

C„H„0,  . 

.     .     225'-5 

Tridecatoic  acid. 

CA.O,  ■ 

.     .     236' 

Myristic  acid. 

C„H„0,  . 

.     .     24*" 

Pentadecatoicacid 

C„H„0,  . 

.     .    25r 

Palmitic  acid. 

C„H„0,  . 

.    .     268'-5 

Margaric  acid. 

C„H„0,  . 

.   .  arr 

Stearic  acid. 

C„H,0,  . 

.  .  28r 
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It  wa3  formerly  believed  that  the  melting-point  ia  this  series 
also  regularly  rose  with  the  increase  of  molecular  weight ;  but 
Baeyer '  has  sho:vn  that  this  takes  place  in  an  irregular  manaer, 
inasmuch  as  an  acid  with  an  uneven  number  of  carbon  atoms 
always  possesses  a  lower  melting-point  than  the  preceding 
member  of  the  series  containing  aa  even  number  of  carbon 
atoms.  The  following  table  ia  arranged  to  show  this  periodifl 
increase  and  diminution  of  melting-point : 


(Enanthylic  acid, 
Caprylic  acid, 
Felai^nic  acid, 
Caprio  acid, 
Hendecatoic  acid, 
Laurie  acid, 
Iridecatoic  acid, 
Myristic  acid, 
Pentadecatoic  acid. 
Palmitic  acid, 
Mai^aric  acid, 
Stearic  acid, 
Nondecatoic  acid, 
Aracbidic  acid, 
Medullic  acid, 
Behenic  acid, 
Lignoceric  acid, 
Hysnasic  acid, 
Cerotic  acid, 
Melissic  acid, 
Schalfejew's  acid. 


CuH^O, 

C„H„0, 

C„H„0, 

C„H„0( 
C„H„0, 
C»H„0, 


-  10"-5 
+  16*'5 

ir-5 

30'0 
28"'5 
43"-5 
*0--6 
63-8 
61"0 
62"0 
69"-9 
69'9 
66''2 
75'0 
72"-6 
76-0 
80'-5 
7r5 
8r-5 

9I"0 


We  have  already  seen  that  most  of  tliese  acids  occur  in  nature, 
especially  those  which  contain  an  even  number  of  carbon  atoma 
in  the  molecule.  Many  are  found  in  the  &ee  state,  although  the 
larger  number  occur  as  ethers  of  the  Tarious  alcohols,  especially 
as  those  of  glycerin,  C,Hg(OH)g.  The  &ts  and  oils  occurring  in 
the  vegetable  and  animal  kingdom  usually  consist  of  mixtures 
of  the  nonnal  ethers  of  this  alcohol,  and,  together  with  the 
&tty  acids,  they  also  usually  contain  acida  of  the  series 
CaS^-J^i,  and  especially  oleic  acid,  C^H^Oj. 
>  Btr.  DeuliA.  Chem.  Oet,  x.  126S. 
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SOAP. 

446  Soap  is  a  mixtore  of  the  alkali  salts  of  the  higher  fatty 
acids,  or  of  the  acids  of  the  series  ObH^_,Oi.  To  prepare 
soap  certain  fats  are  boiled  with  aqueouE  caustic  potash  or 
caustic  Boda,  when  soap  and  glycerin,  CgHj(OH)j,  of  which  the 
fats  are  ethers,  are  formed. 

Soap  was  unknown  to  the  ancients.  The  word  soap  does 
indeed  occur  in  our  translation  of  the  Old  Testament,  but 
the  Hebrew  words  Nether  ^  and  Sorith  *  signify  respectively  the 
mineral-  and  the  vegetahle-alkali.  Homer  was  also  unacquainted 
with  soap;  in  his  time  garments  were  only  washed  with  water, 
and  oil  was  employed  for  softening  the  skin  after  the  hath.  Thus 
the  various  cosmetics  used  by  the  fair  Nausicaa  in  the  bath  are 
described  by  Homer,  but  soap  is  not  mentioned : 


Th«  mu)M  nnhanienMl  nngc  bsdde  the  main. 
Or  crop  the  vercUnt  herbaM  of  the  plain. 
Then  emoloiu  the  njH  rofwi  they  Utc, 
And  plnnge  the  veatnre  in  the  cleannng  wito  ; 
(The  veetureB  cleuia'd  o'enpiead  the  BheH;  Band  ; 
Their  snowy,  lustre  vbiteni  all  the  strand  :) 
Then  with  a  short  repast  relieve  their  toil. 
And  o'er  their  limba  ditTaw  unbrotial  oil  ; 
And,  while  the  robes  absorb  the  eolar  ray, 
O'er  the  green  mead  the  (porting  vitglng  pUy." 

Pope,  Odytsiy,  Book  tl 

Soap  is  first  mentioned  by  Pliny,  who  says,  "Prodett  et  sapo; 
GaUiarum.  hoc  inventum  rvtiiandis  capillU.  fit  ex  aebo  et  einere, 
Optimvs  fagino  et  caprino  ;  diwbttt  modis,  spisaut  ac  liquidus ; 
utergue  aptid  Germanos  majore  in  imw  virit  quam  feminis.'  It 
would  thus  seem  that  a  soap  prepared  from  goat-tallow  and  the 
ashes  of  the  beech-tree  was  first  employed  as  a  means  of  beauti- 
fying the  hair,  and  that  soap  was  first  introduced  into  Rome 
for  the  purpose  of  imitating  the  fair  hair  of  the  Teutons. 

In  a  work,  2)e  Simplicihus  Medieaminibm,  published  in  the 

^  See  Vol.  II.,  part  1,  Mge  102. 

■  This  word  occurs  in  Jerem.  iL  SS,  Job  iz.  SO,  luiah  1.  SS,  HaUohi  iiL  S,  but 
is  often  not  translated  in  our  renion.  It  ngnifiei  the  lye  Cram  the  ash  of  a  plant, 
also  pcolkqa  the  jnice  of  a  aaponaria. 
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Becond  centuiy,  and  ascribed  to  Geber,  ve  find  the  statement 
that  Boap  was  prepared  from  various  kinds  of  tallow  with  potaah- 
lye  and  lime.  German  soap  is  described  as  the  best  and  most 
fatty ;  and  then  came  the  Gallic.  It  is  stated  that  soap. is  used 
as  a  medicine,  and  that  by  means  of  it  aU  dirt  could  be  removed 
from  the  body  and  clothes.  That  the  German  soap  was  softer 
depended,  of  course,  upon  the  fact  that  it  was  prepared  from 
Tood-ashes  containing  potash,  whereas  the  French  soap  vbb 
made  from  the  ashes  of  sea-plants  containing  soda. 

It  was  only,  however,  by  slow  degrees  that  soap  came  into 
general  use  as  a  cleansing  agent.  In  place  of  soap  potasb-Ieys 
were  frequently  used,  the  ancients  cleansing  in  this  way  not 
only  their  wine  and  oil  casks,  but  also  the  marble  statues  of 
their  gods.  Natural  carbonate  of  soda  and  the  ashes  of  sea- 
planta  were  also  used  for  this  purpose,  but  the  cheapest 
material  used  as  a  cleansing  ^^nt  was  putrid  urine.  The 
fullers  in  Borne  were  obliged  to  live  beyond  the  walls,  or  in 
districts  removed  from  the  fashionable  portion  of  the  city,  in 
consequence  of  the  disagreeable  nature  of  their  trade. 

That  the  Romans,  at  least  in  later  times,  employed  soap  is 
rendered  certain  1^  the  discovery  at  Pompeii  of  a  complete 
soap-boiling  establishment,  together  with  some  soap  in  a  perfect 
state  of  preservation. 

Certain  plants  were  employed  for  washing,  such  as  the 
Saponaria,  Gypsophila,  &c.,  in  early  days,  and  are  used  even  at 
present  in  certain  localities.  The  juice  of  these  plants  forms  a 
kind  of  soap-like  lather  with  water,  produced  by  the  saponin 
which  is  contained  in  the  substance. 

Little  is  known  concerning  the  soap  industry  up  to  the  seven- 
teenth century.  The  use  of  soap  had  then  become  pretty  general, 
and  its  manufacture  has  increased  from  year  to  year.  It  received 
an  important  impetus  from  Chevreul's  discovery  of  the  decom- 
position of  the  &ts,  and  from  Leblanc'a  discovery  of  the  artificial 
preparation  of  soda  on  the  large  scale. 

In  former  days  soap  was  prepared  in  northern  countries 
entirely  from  tallow,  whilst  in  other  places  olive-oil  was  em- 
ployed. When,  however,  soap  came  to  be  used  not  merely  for 
washing  purposes,  but  was  needed  in  very  large  quantities  in 
many  industries,  such  as  in  bleaching  and  calico-printing,  it  was 
necessary  to  seek  for  other  sources  of  the  fetty  acids,  and  these 
were  found  in  cocoa-nut  oil,  palm-oil,  and  other  vegetable 
&ts  and  oilfl. 
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"  The  quantity  of  eoap,"  says  Liebig,  "  consumed  bj  a  tkation 
would  be  no  inaccurate  meaaure  whereby  to  estimate  its  wealth 
and  civilization.  Political  economists,  indeed,  will  not  give 
it  this  rank  ;  but  whether  we  regard  it  as  joke  or  earnest,  it  is 
not  the  less  true,  that,  of  two  countries,  with  an  equal  amount  of 
pc^iulation,  we  may  declare  with  positive  certainty  that  the 
wealthiest  and  most  highly  civilized  is  that  which  consumes  the 
greatest  weight  of  soap.  This  consumption  does  not  subserve 
sensual  gratification,  nor  depend  upon  fashion,  but  upon  the 
feeling  of  the  beauty,  comfort,  and  welfare  attendant  upon 
cleanliness;  and  a  regard  to  this  feeling  is  coincident  with 
wealth  and  civilization.  The  rich  in  the  middle  ages  who  con- 
cealed a  want  of  cleanliness  in  their  clothes  and  persons  under 
a  profusion  of  costly  scents  and  essences,  were  more  luxurious 
than  we  are  in  eating  and  drinking,  in  apparel  and  horses. 
But  how  great  is  the  difference  between  their  days  and  our 
own,  when  a  want  of  cleanliness  is  equivalent  to  insuppixtable 
misery  and  misfortune." 

447  Before  describing  the  manufacture  of  soap,  it  may  be 
well  to  describe  a  few  of  its  chief  properties,  without  which  the 
mode  of  its  preparation  cannot  be  properly  understood. 

Soaps  aiQ  distinguished  as  hard  and  soft  soaps.'  The  first 
class  of  Boap  consists  chiefly  of  the  sodium  stUts  of  palmitic, 
stearic,  and  oleic  acids,  whilst  the  latter  is  mainly  composed  of 
the  potassium  salts  of  certain  volatile  fatty  acids,  or  of  acids 
which  contain  a  smaller  amount  of  hydrogen  than  these.  Soap 
is  soluble  in  water,  and  a  hot  solution  of  a  certain  concentration 
sohdifies  on  cooUng  to  a  jelly-like  mass.  Soap  is  insoluble 
in  a  solution  of  common  salt,  and  in  other  saline  soluticois  of  a 
certain  d^ree  of  concentration.  If,  therefore,  salt  be  added 
to  a  hot  solution  of  soap,  the  bo^  separates  out  on  the  snr&ce 
as  an  oily  liquid  which  sohdifies  on  cooling.  This  also  occuib 
when  common  salt  is  added  to  a  potash-soap,  though  in  this 
case  a  large  portion  is  converted  into  a  soda-soap  by  double 
decomposition. 

It  has  already  been  mentioned  that  the  Teutons  used  the 
o^es  of  wood  and  tallow  for  preparing  soap,  and  this  method 
has  remained  for  centuries  in  use,  and  even  at  the  present  time 
this  process  is  employed  in  many  primitive  districts.  The  wood- 
ashes  are  moistened  with  water  and  slaked-lime  added,  the 
whole  being  well  mixed  by  stirring.  The  nuxture  is  then 
extracted  by  water,  and  tlie  ley  boiled  with  tallow  untal  this 
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I  saponijied,  after  which  the  soap  is  separated  bj  the 
addition  of  oommoo  salt.  In  France,  Spain,  and  England,  the 
kelp  was  frequently  used  in  place  of  wood-ashes. 

In  the  year  1833  artificial  soda  was  first  employed  in  the 
making  of  soap.  The  alkali  was  manufactured  from  common  salt 
OB  the  large  scale  in  England  according  to  Leblanc's  process  by 
James  Muspratt.  The  Laocashire  soap-boileis  were  long  before 
they  would  beheve  that  this  artificial  soda  could  replace  that  to 
which  they  had  so  long  been  accustomed,  and  Muspratt  had  to 
give  away  his  soda  by  scores  of  tons  in  order  to  convince  them 
that  by  using  his  purer  article  both  time  and  labour  were  spared. 
After  a  time,  however,  the  tide  turned,  and  so  great  was  the 
demand  for  the  new  and  purer  soda,  that  it  was  packed  off 
to  the  soaperies  in  iron  wagons  whilst  still  hot  from  the 
furnace. 

Up  to  within  a  recent  period  soap-boilers  made  their  own 
caustic  lye  from  aoda-asK  At  present,  however,  caustic  soda 
prepared  in  the  alkah-works  is  almost  entirely  used  for  the  pre- 
paration of  soap.  The  process  employed  in  the  manufacture  of 
soap  depends  greatly  on  the  character  of  the  fat  and  the  nature 
of  the  soap  which  has  to  be  prepared.  When  a  fat  is  boiled 
with  caustic  alkali  and  the  whole  well  mixed  together,  an 
emulsion  is  formed  when  a  certain  degree  of  concentration  is 
reached.  If  common  salt  be  then  added  to  this,  the  soap 
separates  out  as  a  liquid  layer,  solidifying  to  a  granular  or 
imperfect  soap,  whilst  glycerin  and  the  alkali  salts,  termed  the 
BpetU  lyes,  remain  in  solution.  This  imperfectly-made  soap  is  then 
boiled  with  water  or  weak  alkali,  when  the  contents  of  the  pan 
are  brought  into  a  state  of  bomc^^eous  mixture  called  the 
close-gtate.  In  this  process  the  soap  takes  up  more  water,  and, 
on  addiUon  of  common  salt,  it  separates  out  as  ourd  soap. 

After  the  e^nt  lyes  have  been  removed  firom  under  the  curd 
soap,  it  is  boiled  t^in  with  an  excess  of  caustic  soda  solution  to 
insure  perfect  saponification.  The  soap  is  now  allowed  to  settle 
for  about  twelve  hours.  The  excess  of  soda  solution  is  removed 
and  the  curd  soap  is  boiled  with  a  small  proportion  of  water  till 
the  whole  is  "  close  "  and  homogeneous.  This  process  is  called 
"fitting."  After  this  the  pan  of  soap  Is  left  at  rest  for  two  or 
three  days,  during  which  time  an  impure  and  dark-coloured 
soap  (called  "  nigre  ")  separates  out  at  the  bottom,  and  a  light 
and &othy  portion  (termed  the  "fob")  rises  to  the  top^  The  pure 
(or  upper  soap)  is  removed  into  forma  (frames),  cooled  tmd  cot 
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Up,  yielding  the  ordinary  soap  of  commerce.  Pure  "fitted" 
soap  should  contaia  about  sixty-three  per  cent,  of  fatty  acids, 
combined  with  about  seven  per  cent,  of  soda,  and  thirty  per  cent, 
of  water.  The  bulk  of  the  soap  used  in  England  and  known  as 
"yellow  soap"  is  made  from  tallow  mixed  with  a  small  pro- 
portion of  resin,  and  the  foregoing  is  the  process  usually  followed 
by  English  soap-makers, 

448  Tallow  Curd  Soap.  This  is  one  of  the  best  kinds  of  soap, 
and  is  prepared  in  the  following  way.  Tallow  is  added  to  caustic 
Boda-lye  which  contains  only  about  a  quarter  of  the  total  alkali 
needed  for  complete  saponification,  and  having  a  specific  gravity 
of  1'08.  The"  ebullition  of  this  mixture  is  continued  until  an 
emulsion  is  formed,  and  then  a  second  quart«r  of  the  lye  having 
a  specific  gravity  of  1*2  is  added,  and  this  allowed  to  boil  for 
some  time,  when  it  is  salted  and  allowed  to  cool.  The  yellow 
coloured  soap  which  separates  out,  is  then  again  boiled  with  the 
requisite  quantity  of  lye,  having  a  specific  gravity  of  1*4  to  1*5, 
until  the  liquid  no  longer  froths,  and  a  portion  of  it  drawn  across 
the  hand  leaves  an  elastic  mass.  The  curd  soap  thus  prepared 
is  poured  hot  into  forms. 

Mottled  Soap  is  made  in  the  same  way  as  "  tallow  curd,"  but  a 
mixture  of  greases  is  used.  The  motthng  is  caused  by  the 
separation  of  the  sodium  salts  of  palmitic  and  stearic  acids  in 
the  crystalline  state,  on  slow  cooling  from  a  soap  containing  a 
considerable  quantity  of  water,  this  being  alternated  by  layers  of 
translucent  sodium  oleate.  The  amorphous  portions  are  usually 
coloured,  the  mottling  being  produced  artificially  in  various 
kinds  of  eoap  by  the  addition  of  ferrous  snlpbate  (green-vitriol), 
ultramarine,  or  other  colouring  matters  to  the  mass. 

Olive-Oil  Soap.  This  kind  of  soap  which  is  usually  termed 
MarteilUt  Soap  or  Venetian  Soap,  was  first  made  &om  olive-oil 
and  soda.  Now,  however,  various  other  oils  are  employed.  It 
is  at  present  chiefly  manufactured  in  Marseilles,  and  when  well 
made  contains  no  free  alkali,  and  for  this  reason  is  well 
adapted  for  the  washing  of  wool  and  coloured  goods. 

Patm-OU  Soap  is  made  in  large  quantity  in  this  country. 
For  preparing  the  common  kinds  of  yellow  soap,  crude  palm- 
oil  is  employed,  whilst  in  the  manufacture  of  white  soap  the 
same  oil  is  bleached  by  heating  it  with  potassium  dichromate 
and  dilute  sulphuric  acid. 

Cocoa-niU-Oil  Soap.  The  fat  of  the  cocoa-nut  is  saponified 
very  easily  even  at  a  low  temperature,  and  the  soap  thus  obtained 
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is  much  more  soluble  in  salt-water  than  the  other  soaps,  and 
it  is  therefore  used  on  board  ship,  and  receives  the  name  of 
marijie  soap.  This  soap  is  very  aiudlar  to  caster-oil  aoap,  which 
is  hard  but  very  brittle. 

Bmn  Soaps.  The  resin  left  behind  in  the  distillation  of 
turpentine  contuns  a  number  of  compounds  having  acid 
properties,  and  these  when  beat«d  with  alkalis  form  resin  soaps. 
These  toe  usually  mixed  with  fatty  soaps,  and  are  commonly 
employed  in  soap  used  for  bleaching. 

Silicate  Soap  is  prepared  by  stirring  up  a  solution  of  silicate 
of  soda  or  soluble  glass  with  the  hquid  soap  in  the  forms  before 
BoHdifioation  sets  in.  The  addition  of  silicate  of  soda  greatly 
lessens  the  price  of  the  soap  without  diminishing,  at  any  rate 
in  the  same  ratio,  its  detergent  properties,  as  -sihcate  of  soda, 
like  the  fatty  acid,  holds  the  alkali  in  a  feeble  state  of 
combination. 

44g  Soft  Soaps  are  obtained  by  the  saponification  of  a  cheap 
oil  or  fat  with  caustic  potash,  oleic  acid  or  fish  oil  being  usually 
employed.  Soft  soap  forms  a  thick  transparent  emulsion,  which 
is  more  or  less  darkly  coloured.  It  contains  an  excess  of  alkaH, 
and  also  all  the  ^ycerin  which  is  contained  in  the  fat.  The  soft 
soap  obtained  from  Belgium  and  Germany  ia  green,  and  as  this 
green  soap  is  in  many  places  in  demand,  common  brown  soft 
soaps  are  frequently  coloured  with  indigo.  Soft  soaps  made  from 
clear  fish-oil  are  also  commonly  coloured  brown  artificially. 
Soft  soap  is  chiefly  used  for  fulling,  and.  for  scouring,  and  in 
the  cleaning  of  woollen  goods  and  wooden  vessels;  it  is  also 
employed  in  linen-bleaching  works. 

Zead  Soap.  If  oxide  of  lead  be  employed  for  the  saponifica- 
tion of  &ts,  a  mixture  of  the  lead  salts  of  the  fatty  acids  is 
obtained,  and  this  is  used  in  pharmacy,  and  serves  as  diachylon 
plaster.  Such  a  preparation  has  been  known  for  a  long  time. 
The  ordinary  lead-plaster,  which  ia  obtained  by  boiling  olive-oil 
with  litharge,  was  said  to  be  discovered  by  the  Roman  phy- 
sician Menecrates,  in  the  middle  of  the  first  century.  It  was 
likewise  known  to  Pliny,  who  writes  as  follows  :  "  Molybdaaia 
coda  cum  oleo,  jecinoris  colorem  trakU.  .  .  .  TTstis  in  Hparas,  ad 
lenienda  refrigerandaqw  hulcera ;  emplastrisque  quea  tuwi  alli- 
ffaitiitr.  Gomposito  ejus  eat  libris  tribue,  et  certe  libra  unaa  olei 
tribiit  Keminia.'' 

The  purifying  action  of  soap  depends  upon  the  fact  that  it 
is  decomposed  by  a  laifre  quantity  of  water  into  free  alkali  and 


)vGooi^lc 


694 


COMPOSITION  OF  VAMOCS  SOAPa 


an  iosoluble  acid  salt.  The  first  of  these  tabes  away  tlie  iatt^ 
dirt  on  washing,  and  the  latter  forms  the  soap  latJier,  vfaicfa 
envelops  the  greasy  matter  and  thus  tends  to  remove  it. 

A  solution  of  soap  in  dilute  alcohol  is  used  for  the  deteimina- 
tioo  of  the  hardness  of  water  (Vol.  I.  p.  250),  as  when  the 
whole  of  the  salts  of  calcium  and  magnesium  are  precipitated 
a  permanent  lather  is  obtained,  and  this  point  can  be  readily 
ascertained. 

Soap  is  also  employed  in  medicine,  both  internally  and 
externally.  As  an  internal  medicine  it  should  be  prepared 
from  the  best  olive-oil  and  pure  causUc  soda.  It  acts  like 
a  mild  alkali,  and  is  sometimes  mixed  with  other  medicines  in 
the  form  of  pills.  Soap-water,  which  can  readily  be  prepared, 
acts  as  an  excellent  antidote  in  the  case  c^  poisoning  with  the 
stronger  acids. 

Externally  it  is  used  in  many  forms  of  skin  diseases,  soft  soap 
being  most  frequently  used  for  this  purpose. 

The  soaps  which  occur  in  commerce  vary  very  much  in 
their  composition,  as  is  shown  in  the  following  table : 


rtttr 

Fotuh, 
K.O. 

». 

W.Ur. 

BtlinA 

I.  UjlKD  Soaps— 

Old  mottled  M«p 

81  M 

1-77 

S-SG 

S-43 

Hew  tttllow  .oap   

610 

8-4 

28-8 

2-3 

HuaeUlaao^      

ar-o 

7-8 

31-3 

4-0 

rolm-oil  aoap,  jellow 

Do.            bleftcli«d 

SS-3 

BB 

l»-» 

1-1 

61-2 

»-7 

24-8 

1-8 

TaUowBmp    

42-S 

f6 

89-1 

Cocoi-nnt   oil    MWp   (muina 

Pd^o^iiiiiip;;:  ;:;  :;;  ;:; 

»-o 

i-6 

78-6 

iB-6 

— 

8-0 

31-4 

1-1 

II.  Soft  Soaps- 

Common  aoft  aoap 

4S-8 

»-l 

4S'0 

_ 

Londoa      do.        

45-0 

SB 

4I)-S 

Bdgiui  green  do 

86-7 

T-0. 

— 

67-0 

— 

ASf>  Statistics  o/BrUi^  Soap.  A  well-known  soap  manufiictuier, 
the  late  Mr.  Wm.  Qossage,  states  that  in  1852,  when  the  excise 
duty  on  soap  was  finally  abolished,  the  total  production  of  soap 
in  Great  Britain  was  1,600  tons  per  week,  less  than  one-half 
of  which  was  produced  in  the  Lancadiire  district.    He  also 
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concludes  that  the  production  in  Lancaahire  in  1870  isfully  eqnal 
to  the  total  production  in  the  year  1852,  and  that  hence  during 
the  eighteen  years  the  production  of  British  soap  was  doubled. 
From  information  furnished  us  by  his  son,  Mr.  Frederick  H. 
Qossage,  we  learn  that  the  British  malce  at  the  present  time 
(1881)  has  reached  the  enormous  amount  of  4,500  tons 
per  -week,  or,  taking  fifty  weeks  to  the  year,  225,000  tons 
per  annum. 

IftS 
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Ask.;  fluUDB-)>i>iiit  of  petrolenm,  I 
Abnliani ;  mMtitaitioD  inoducta  of  et 

838 
Abaolnts  Ucohol,  39T 
AcetaldehTde,  473;    pvptniiim,  475; 

propertitw,  4T7 
AoetM«,  or  the  «a1ifl  and  ethen  of  acstio 


Acetic 


bltntion  of,  116 


Acetic  Brad,  ethers  of,  S07 

Acetic  acid,  pure,  491;  raoperti^a,  404; 
mcetates,4»e 

Acetic  acid,  ntactjoai  of,  606 

Acetic  add,  mbstitutioD  {vodncti,  633 

Acetic  add  and  tricbl(vaoetic  and,  re- 
semblance of,  according  to  Domas,  17  ; 
diuimilaritr  betireen,  aocordlng  to 
Beirelius,  lo. 

Acetic  anhj^ride,  511 

Acetone,  or  dimetlijl  ketone,  6S8 

Acetone  bales,  674 

Acetone  condensation  proditcts,  573 

Acetonitril  and  its  denvatiTes,  621 

Acetyl  anhjldride,  6(1& 

Acetyl  bromide,  615 

Acetjl  carbamide,  620 

Acetyl  cbloride.  13,  513 

Acetyl  compoDndB,  473 

Acetyl  CTanide.  630 

Acetyl  dioiide,  613 

Acetyl  dimlphide,  SIT 

Acetyl  iodide,  515 

Acetyl  oiide,  509 ;  propertiea,  611 

Acetyl  peroxide,  613 

Acetyl  Eulphiiie,  516 

Acetyl  thiocyanate,  531 

Acetyl  area,  630 

Acid  cetyl  mlphate,  074 

Acid  ethyl  pyrophosphite,  363 

Add  potusnim  acet«.te,  497 

Adde  loonique,  4&6 

Acidnm  radicale,  484 

Adda,  molecular  forronla  of,  105 

Acids,  vegetable,  discovered  hy  Scheele,  6 

Active  amyl  alcohol,  609 

Active  Taleric  add,  632 

Adam ;  first  diatillating  apparatus,  289 


AdiiBC  add  nriea,  B7 

Adulterated  wine,  316;  liquor,  319 

.Xthtran  pA«pA«nz<iu,  336 

Alcanin,Z37 

Alchemy,  1 

Alcohol  {  hist) 

derivation  of , .... 

of,  236 ;  vTun  spirit,  2ST ;  mashii^.tt.; 
rectiflcafcion  of  spirit,  289 ;  ajftaiatus 
for  rectifying  spirit,  390 ;  Fistonua  still, 
S91 ;  Ooffey'i  itill,  293 ;  the  French 
column  appaistus,  393 ;  it*  occurrence. 
£96 ;    prepuatioa    of    ahsolnte,    297 ; 


Antral  n< 


Alcohol  radicals,  isalatiiHi  of,  19 


alcoholometer,  30fl,  307  ;  determiiuitioa 
of  alcohol  in  beer  and  wines,  30S ;  the 
elnillioscope,309,311;theTsp  '  ' 
813  ;  the  dilatometer,  314  ;  p 
table  of  alcohol  contained  ii 
vrinei  and  other  fennent«d  liquors, 
a.;  uses  of  alcohol  in  the  arts,  316; 
methyUted  sprit,  317 ;  detedjon  of 
akobol,  318 ;  deoompodtioiu  of  aloobol, 
330 
Aloobola  and  their  derivative*,  169; 
primaiy  alcohols  and  fatty  adds,  it, ; 
aldehydes,  172;  hakod  oompoundt  of 
the  acid  radicals,  173  ;  inhTdrides  or 
oiidcs  of  the  add  ndicals,  178 ;  Uiio- 
compounds  of  the  add  radicals,  ii.; 
amides,  117:  mbetitatioD  products  of 
the  fatty  acids,  118;  syntheds  of  the 

K'mary,  179  ;  aecoodary  alcohols  and 
Kines,  IS3  ;  cotutitutioQ  of  secondary 
alcohols,  185;  t«rtiiU7  alcohols,  186; 
oiidstjon  of  tertiary  alcohols,  187 
Aldehydes,  13,    172,    47S;  "  " 

475 ;  properties,  477 
Aldehyde-resin,  481 
Alexsodriaoa ;  distillation,  262 
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AkxejeS  j  one  etfaide,  457 
Alftetcm  pgboleum  ipiing,  U3 
AUophuutes,  IBS 
Atom  maihadiii,  «1  ot  the  Bjh,  140 
Alnmininm  ujeUtH,  S04 
Aluminium-ethTl,  4fl5 
Alamiiiiimi-Mbyl  iodids,  446 
Alnminium  sthjlato,  SS3 
Alumlniium  itoiatjl,  585 
Aliuninium-ineth;],  253 
" — '-'ito  propTl,  555 
,  oil  wella,  144 


»etoaAtry,   tcrtuiy, 


ISS 


AnunoDio-borio  ethide,  449 
AnnnoDiam  •eeUtea,  498 
Ammomum  diuetete,  490 
AmmoDium  athyl  sulplulr.  S53 
Ammoaiam  ethfl  nilphiiaate,  3M 
AmmoDJum  fbcmate,  274 
AmmoDium  folminuntti,  531 


613 

Amjl  telfuridc,  614 

Amyl  thJDCsrbimide,  S14 

Amfl  thiocTUwte,  614 

Am^-tu  hydroxide,  619 

Amjl-liii  iodide,  616 

Amyl  nlente,  620 

B-Amyl  nlente,  600 

B-Amylunine,  609 

Ajnylamiue,  614 

Amylphnphine,  614 

Analyai.  metbodi  of :  I^ndMei'i,  40 ; 
Seiuaore'ft,  43;  Th&urd'B,  BerthoDet'*, 
Qmj-LuHK  and  Tfateud's,  ii.;  Benei 
lius'i,  45 ;  liebig'i,  4S  ;  Kopfci'a,  63 

Aiic{eal>,cbeniicBl  facta  knowuta  the,  3; 
&■(  attempts  at  diatOlatiou,  it. ;  ncpa- 
TBtlOD  of  nit*,  ii. ;  mauofaetiue  m  loqi 
known  to  th«,  ii. ;  their  acqnaintuica 
witb  reniu,  coEouiiug  matten,  be,  ib, ; 
prepantion  of  iriDe,  ii. ;  prepuatian  of 
beer  from  mailed  grun,  ih. ;  grorq^iw 
of  diemical  oompouiidB,  4;  art  of 
hTowiiig,  £83 

AndenoTi ;  methjlamine,  B19 


Ammonium  tricUon«Aale,  54i 

n-Amyl  acetate,  600 

Amgil  acetate,  613 

Amyl  akobolJ,  000 ;  inactire,  606 ; 


,81S 


I,  609 

Amyl  utuDOD J  eompoond 
Amyl  borate,  619 
Amyl  bromide.  S12 
■-Amyl  bromide,  609 
Amyl  butyrate,  613 
Amyl-capryl  ether,  653 
Amyl  carbamine,  614 
Amyl  eaifaimide,  614 
Amyl  eubonate,  613 
a-Amyl  ehloride,  609.  618 
Amyl  oompomidB,  611 
B-Amyl  eompooikdi,  600 
3-Amyl  compouDdi,  All 
Amyl  etben,  611 


Amyl  etben  ot  tl 

Amyl  formate  613 

Amyl  haloid  etbm,  613 

Amyl  hydToviiphide,  613 

Amyl  iodide.  613 

Amyl  metallic  com. 

Amy)  ni^te,  612 

Amy]  nitrite,  613 

Amyl  oitiogai  compoimdi,  61' 

Amyl  oxide,  611 

Amyl  phospbite,  613 

Amyl  phoapborie  adds,  613 

Amyl  pboaphonu  compomidi,  614 


Anhyilridei  or  oiidei  ot  the  add  ndieala, 

176 
Anhydroiu  alcohol,  397 
Ajihydniu  etbyl  sulphoric  add,  353 
Anhf  dioiii  formic  add,  373 
Aikilme,  16 
AnquiUuia  <u 
^KfJunif    tm^lii,  i 

599 
AnthnKUt  etrefalium,  oil  from  ned  of, 

195;  a]oohol'iTi,2B7 
AotimoDy  eompouodi  of  ethyl,  443 
AatimiKiy-diamyl,  615 
Antimony  pratamethyl,  344 
Antimony-triamyl,  815 
Ant^  add  emitted  by,  269 
AqtM  ardtm,  385 
>fMnte,  285 
Ae/va  Rfit,  385 

Anlnani  invrnton  of  the  tctort,  383 
Arachidic  add,  680 
Aiendt  and  Knap ;    bnlb-appuatni    ia 

Mtimatiim  of  utiagen,  66 
Ariatotle;  dirtilUtiOD,  283 
Arnictt  Mmtoao,  farimcthylamine  in,  SSI ; 

iaobn^iic   add  from,   G90;    eaprylic 

acid  trom,  656 
Aromatic  group  at  enibcn  oonpouiMls. 


Amyl  ailicate,  612 
Am^l  nilphidc,  613 
Amyl  nilphite^  613 


Amnie  ethyl  phoapbate,  304 
Amiue  zantbate,  3S0 
Anadtea,366 
Anaimanoetiiylie  add,  443 


towIiaaBi,  Taleric  add  in. 
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Atttni  of  euboD,  34 

Atoms,  Uw  of  the  linkiDg  of,  112 

Atomic   weight  of   cubon   and    other 


BiBO ;  gu-fainace.  M 

Baeyer ;  methj'li:hlonde,  203 ;  anai-iao- 

nomctliyl  compoundi,  S3A ;  di-iodom»- 

thane,  2E9  ;  meaitrl  oxide,  ST3 
Baku  oil  tptinga,  143;  ncred  fire  of, 

193 
Balard  :  amyl  alcohtdi,  6V7  ;   iaoopvyl 

mtn>i,69T 
Balbiuo;  alcohol,  a09 
Budir  and  Boidet ;  methyl  formatt-,  2T8 
Barium  caprate,  OBt 
Barium  c^noate,  S35 
Barium  dimethTl-etbrl  acetate,  638 
Barium  eth;l  phoiphate,  3M 
Barium  ethyl  phoniliite,  SS2 
Barium  etbyl  nilphate,  353 
Barium  etLyl  lulphonate,  396 
Barium  ethylale,  323 
Barium  formale,  2T5 
Barium  heptoate,  649 
Bariom  iaocaproate,  636 
Barium  methine  triiulphonafe,  285 
Barium  methyl  idphBtc,  209 
Bariuin  methyl  Hilphonate,  315 
BaziuD  moDochloracetate,  S35 
Baiiom  nODoate,  COD 
Barium  oct(»t«,  OST 
Barium  trimethylacetate,  824 
Barium  valerate,  OSO 
BaH*,  molesular  formnltt  of,  108;   eaf- 

feioe,  it. ;  compoond  ammonia,  109 
Bade  copper  acetate,  503 
Bajic  lead  acetate,  601 
Baaee'a  hydrochloric  i^ther,  343 
Bathgate  oil  lailln,  144 
Baume'B  IHtstrtation  Jitr  Fitlwr,  326 
Beaumd:  ethyl  chloride,  343 
Bicbanipi   occuireDec  of  tthyl  alcohol. 


Berg 


eanhea,  Oj  alcohol 


297 


Becher,  organic  r 


588 


I,  G;  <u 


Beckurti ;  propionic  add,  558 

Beer  from  malted  grain,  prepared  by  the 
Egyptiaaii,Oauls,  and  Oermani,  3 ;  di.'- 
lerminatiau  of  (Jcohol  in,  308  ;  table 
giring  perceutage  of  alcohol  in,  314 

""--' '    augai   mduatry    and    methyl 


B^troot    I 


alcohol. 
Behenio  add,  680 
Behrend;  funnamidt-,  3TT 
Beilatein :  dnc  ethide,  45T ;  ethyl  iodide, 

347 
Belobonhek;  methyl   propyl    carUnol, 


Beiuoic  add,  moleeular  tormnla  of,  1(^6 
Benzoic  acid,  vapour  dcodty  of,  90, 102 
B«DHiy1, 13 


teit.SC 

Berthalot;  polyralent  radicals,  37; 
paraffin,  138 ;  diitillation  of  miituiea, 
153 ;  nopertiea  of  marih  rbb,  190 ; 
methyl  chloride,  203;  methylamiue, 
318 ;  (pirit  from  coal  gaa,  296  ;  ether- 
iflcation,  330;  lodium  acetate,  498; 
mcTcnry  fulminate,  528 ;  propane,  548 ; 
isopropyl  alcohol,  663 

Berthollet'a  method  of  analyni,  43; 
propertiea  of  marsh  gaa,  190;  adds 
iooiuqae,4B5 

Bertoni ;  etliyl  mtntte,  380 

Beryllium  ethide,  465 

Beryllium  propyl,  554 

Beixelius ;  iuTesti^ationt  of,  S ;  the 
name  nthertu  given  to  oleSaat  gas, 
11;  radical  theory,  12;  benio^l,  tk.; 
chemical  coustitutioD  of  organic  com- 
pounds, 13  ;  theory  of  subatitutioiu, 
IS ;  disrimilarit^  between  acetic  and 
trichloracetic  acids,  IT  ;  the  amda,  18 ; 
radicals  oontaimnE  oiygea,  19;  copu- 
lated compounds,  29  ;  method  of  aualy- 
sia,  45 ;  ratiooal  formnlai,  112 ;  racemic 
acid  and  tartaric  acid  have  same  com- 
positioD,  120;  {somen,  fSl;  iaomerism, 
ih. ;  gases,  101 ;  Tood- spirit,  195; 
etherilcation,  32T ;  acetic  add,  486; 
preen  verdegris,  503 ;  propionic  add 
658 

Bioney ;  peat  bog  petroleum,  144 

Bischoll ;  trichlivacetoDe,  5'] 

Bismuth  compounds  of  eUiyl,  447 

Bismuth  mervaptide,  380 

Bissel :  American  oil  wells,  144 

Black  ;  nitric  ether,  367 

BIsgden;  tables  {n^uu  Vtaa  oompodtioD 
ot  aqueous  spirit  from  the  q)ecifla 
gmTify,  301 

BddT,  tamperatma  of,  effected  by  aloo- 
hol,31S 

Boerhaave ;  acetic  add,  4B4 ;  acetone,  588 

Boghead  cannel,  paraflin  from,  140; 
pentuie,  603 

"ogbnd  ess  coal,  144 


Bofus 

25S 


i  Oroves;   tatrabrommethaiui, 


Bomhyx  proeeitimua  {catarpillar),  add 
found  in,  289 

Borates  of  ethyl,  367 

Borates  of  methyl,  211 

Borethyl,  443 

Boron  compounds  of  ethyl,  448 

Boron  diBthylelhoiide,448 

Boron  diethyl  hydmiide,  449 

Boron  etho-diFthoiidc,  449 

Boron  ethyl-hydnuethoiide,  449 

Bormetbyl,  2J4 

Bonis ;  heiyl  alcohol,  841 ;  methyl  heiyl 
rnrbinol,  SSI ;  tricbloracetone,  571 

Buullay;  etber,  336,  333,  S3S;  ethyl 
chloride,  343 ;  ethyl  snlphtiric  add,  360 

Boyle ;  organic  reseaidies,  6 ;  adia- 
phorous spirit,  194;  distillation  of 
spirits  of  wine,  384;  spirit  of  wine 
and  snow,  300 ;  ethyl  percblorate,  348 ; 
acetio acid, 4B4;  aeetwie,S68 
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Bluer  1  Dinini]  < 

inetbTt-bnuie,  663 
Breed ;  trietlirlliHmiitUne,  447 
bewing,  ucient  mrt  oT,  £63 
BriDdUy ;  prn»r>tian  of  methuie,  193 
BriiHn ;  •peofle  granty  of  aloobol,  301 
Brodie;    mixed    rwUcsU,   131;    uetyl 

dioiide,  S12 ;  beenni,  681 
KaBul,H4 
Bromal  hydfate,HS 
BioBehlanoetio  add,  54S 
BnimdinitnwtfaaDa,43S 


bntjrii:  add,  601 
BttimiutnifDnn,  364 
Bmrnafond,  SSt 


jropioDk  kcid,660 
KoonnndaDitroiffopuie,  M6 
nruU :  ^^Mntiu  for  deteimtDiDg  vi^imit 

daniit7,93 
Brufoaletti ;  fnlminio  *rid,  BS4 
Brauiwr ;  tfUDethfl  cubyluniue,  S90 
Bnckton ;  mstbeiu  dunl^iomc  odtl,  EA4  ; 

mereiuj  ethide,  463  ;  (UvmiiiiDm  elhyl, 


465; 

Ml 


uitril,    632 ;     pmpionitril, 
toethue     from, 


162 

Bansen ;  MMUcbn  on  the  eieodTl  com- 
pOiiDdi,  19 ;  DOD-lnmmoQf  gBB-liiiRiec, 
63;  reUtiiedetermiuatioDof  mtrogen, 
69  :  e"  '""»  Toli^uioo  at  Bulgumk, 
193;  methTl  chloride.  SOS;  methjl 
bromide,  SOG ;  anenicil  methTl  Him- 
HHiDda,  334;  ncodyl  nlphide,  339; 
dTTiDg  tube,  340 

Bunr;  hepUldehjde,  647;  luvmal  liep- 
tok«ci<l,64S 

Butane,  677 

Batlerow ;  diTiilon  of  DrgBnic  tad  ioor- 
ganie  compounds,  33 ;  tcrtiair  alcoLolt, 
186;  BM  methyl,  246;  lead  methjrl, 
353;  di^odomethane,  258;  parafor- 
maldebyde,  207 ;  primirr  propjt 
alcohol,  640;  butrl  alcohol,  CTT; 
methjl-ethyl  carUnol.  631 ;  jsobutane, 
583;  *  ^  '^-'  -"--'  "•  ■  ■ 
meth] 
dipaeudit-butyl-inetbyl-a 

Bntjl  alcohol,  primary,  67) 

Butjl  ■]cohol^  123 

Butyl  butyratc,  S85 

Butyl  carboIiBt«,  bW 

Butyl  chloride,  133.  570 

Bntyl-etbyloxidi'.STB 

Butyl  croap.  570 

Butyl  rodide.  579 

Butyramide,  696 

Bntyrate^694 

Butyric  adds,  590 

Butyryl  iodide,  696 

Bnlyiyl  bromide,  600 

Butyryl  chloride,  696 

Bo^ryl  oxide,  696 

Batyronitril,  696 

B7BM0D  (  oiigia  of  petrolri 


;tie  arid,  067        CiJcii 


CuTODTuo  Arm,  £41 

Caoodyl  or  Dmiethylaiaine  compomda, 
237;  caoodyl  oiile,  238;  eacodyl 
chloride,  i£.;  eacodyl  tridiloride,  16.; 
caoodyl  cyanide,  ib, ;  caeodyi  anlt^ude, 
S30 ;  cmoodjl  leleDide,  ii. ;  dieacody), 
it. ;  oaoodyfio  acid  or  dimethjlanouo 
acid,  241 

Oacodyl  (ancDdimethyl},  10 

Caeodyi  ebloride,  238 

Cacodyl  cyanide,  338 

Caoodyl  oxide,  238 

Caoodyl  Mlenide,  239 

Caoodyl  aolphide,  230 

Oaeodyl  bricbloride,  238 

Cadet;  faming  aiaenieal  liquid,  334; 
«ther,  336 

Cadmium  ethide,  403 

CaBaine,  percentage  compoiitiaa  of ,  61; 
uoleculu'  formula  ut,  108 

Cahouia ;  American  petroleum  hydrocar- 
bim,  132;  metl^l  thiocywiate.  236;  pent- 
aTi>ethylaniiie,337;magneiiuin-inethjl, 
345 ;  lead-methyl,  352 ;  nonnal  ethyl 
cartioDatn,  370 ;  tiiethyUnlpbine  eom- 
ponnd^  383;  ethyl  tritulphide,  386; 
ethyl  (hio>7aaatc,  417 :  tnetbyt  pboa- 
pbine,  433;  ■luBuninm'ctii^  465; 
lead-ethyl  hydroxide,  467;  (in-taba' 
ethyl,  40B ;  jKoprl  carbonate,  SS3 ;  sno 
propyl,  656 ;  amyl  aleoh<^  0D7 ;  hez- 
aue,  025 ;  primaij  beiyl  alcohol,  620  ; 
heiityl  hydiide,  639;  nonane,  058; 
pehrgouic  aeiJ,  660 ;  oil  of  rue,  BOO 

Canoura  and  Hof  maun ;  fdujaphorui  ccm- 
pounda  of  methyl,  329 

Cahoun  and  Riche ;  annidiDietbyl,  385  ; 
trimcthylanine,  336 

CUlletet;  methane,  191 

Calcium  acetate,  499 

Calcium  butyrate,  694 

Calcium  n^ato,  004 

Calcium  caproate,  035 

Calcium  ethyl  lulphate,  353 

Calcium  formate.  374 

Calcium  htptoate,  949 

Calcium  iaobatynto,  600 

Calcium  iiHcapnte,  OOS 
'— iproale.  636 


Caldum  ia 


Caldi 


Caldum  methyl  mlphale,  SOS 

Calcium  nonoate,  O0D 
Calcium  octoate,  057 
Calcium  pentoate,  618 
Calcium  trimethlyacetate,  OH 
Calcium  valerate,  020 
Calculation  of  analyiea.  8  .  . 
eompoaiticii,  ib, ;  oJoulatiun   of  for- 


e,  89 


9,140 


0,140 


CanaUbe  wax,  mycicyl  alcohol  from,  683 
Caoe-augai.  34 ;  mdecular  formula  of,  110 
CapiiD  or  damtcrie  add^  604 
Ca[)rmc  arida,  634 
OB(caBa,«67 
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Ctpn>;l  Kleohol,  630 

Ckprail  kldefajde,  635 

Ot.jrj{  uetate,  053 

G^pryl  hromiile,  OSS 

ObottI  chloride,  653 

Ctpi;!  Iodide,  653 

0&pr;l  Miutud  (ril,  6G3 

C4*;l  oKnte,  653 

Ckpryl  auliihide,  653 

Caprjl  mtphuric  ftcid.  653 

CBpcyl  thlocjanBle,  653 

CBptjlunide,  6G7 

CBprrlBiDine,  653 

Captrlio  add,  656 

Caprylio  sDhydride,  6ST 

Caprylonitril,  65T 

Cu-bunines,  163 

Carbimidet,lal 

Cu-bDn  lUid  lijdrogei],  detembiatiou  of, 

40 
GarboD,    ud    other    elementfl ;    atomia 

weight  io  earl;  day*,  33  ;  atomi,  34 
Carbon,  a  tetrad  element,  113 
Carbon  coDipounda,  SS :  clanification  of 


tore, 


;    the 


liititu- 


mpoandaof  unknown 
tioQ,  ib.  f  methods  of  claanficationf 
Carbon ;  compoonda  contalninif  three 
atoms,  MS;  fooi  atoms,  5T6;  Ato 
atomi,  602 ;  aii  atoms,  6% ;  aevea 
atomi,  639;  eight  atoms,  650;  nine 
atom*,  6SS  ;    t«n  atoms,  66S  ;   eleven 


6T8 


I  atoms,  6T7 ;  eighteen  sloms. 


;  fittj  acids  containing  tmm 
nineteen  to  tirenty-foar  atoms  of.  680 

Oirbon  dioxide  discoTenxl  bf  LBToieier,  6 

Carbon  monoxide,  36 

Carbon  tetrachloride,  25T,  4ST 

Carbon  tetra-iodtde,  261 

Carbonatei,  derivatirei  of  marsh  gM,  36 

Carbonates  of  methyl,  211 

Caiboaate  of  muthy)amine,  230 

Carbonate  of  potash,  production  in 
French  distillerim,  196 

Carbouylamines,  164 

Cafiuj;  determination  of  chlorine.  70; 
detenninatioD  of  sulphur,  7S ;  deter- 
minatioo  of  phosphorus,  79;  methyl 
benioste,  197  ;  ethyl  methyl  sulphide, 
361 ;  triethylphospbiDe  oxide,  435 

Carlet;  h«xyl  almbol,  041 

Csrletou-WiUiams ;  tetramethyl  bntane, 
654 

Castor  oil  soap,  693 

Cemtio  acid,  683 

Ceryl  alcohol,  OSl 

Ceryl  palmitate.  682 

Cetyl  acetate,  6T4 

Cetyl  alcohol,  6T3 

Cetyl  bromide,  674 

Cetyl  chloride,  6T4 

Cetyl  hydromilpbide,  674 

Cetyl  iodide,  674 


Oetyl  oxide,  673 

Celyl  DiyHlithio-carbaniii  acid,  674 

Cetyl  pJroitato,  877 

Cetyl  sulphide,  674 

Ce^laoebo  acid,  680 

ChamploQ ;  ethfl  nitrate,  360 

Chancel ;  primary  propyl  alcohol,  648 ; 

propyl  oxide,  651;    acetone,  669;  di- 

propyl  ketone.  642 
Chapman ;  ethyl  nitrate,  360 ;  dnc  ethide, 


Chemical  o 
of,  4 


ipoQudt,  sacknt  gnnipng 


Chemical  conilitntioD,  Lai 
of,  16 

Chemical  types,  Dnmati'a  theory  of,  16 

Chenerix ;  acetone.  56S 

Cheimpodixm  mlvaria  trimethylamiDB  in, 

221 
Cher 

a,  618;  caproie  acid,  t       ,  .  .._.^ 
1,  066 ;  eapno 
.cid,  eS4;  ethal,  673;  margarin.eTS 
Cherrier  ;  ethyl  moDothioposphate,  38S 


Uhini 


[,681 


oiia ;  acetone,  668 ;  oeioyi  oxide,  6E7 
Chloracetic  acid,  SO 
Chloral  hydrate,  539 
Chloraldid,  588 
Chloral,  637 
Cbloraniline,  IS 
Chtordihromuitromethane,  S63 


Chloride  of  ethyl . 
Chloride  of  et^l  ph< 
Chlorinated  anifinea. 


18. 


IS  acid,  363 

bromine,  and  iodine,  deter- 
mination of ,  75  ;  Carios's  method  76 

Chlorine  substitution  produeta  of  ether, 
338 ;  monochloretbyl  oxide  or  mono- 
chlotether,  ib.;  dichlorethyl  oxide, 
339;  tricbor^ethyl  oxide,  ib,;  trtra- 
chlor-ethyl  oxide,  340 ;  penlachlnrethyl 
oxide,  ib. :  perchlorinaied  ether,  341 ; 
netbyl-etiiyl-etber,  ib. 

Chlorine  substitution  prodocta,  G33 

Chloriodoform,  2S1 

Chlomitrometbane,  261 

Chloroform,  13,26,251;  Tspoar  dais:ty 

Chromic  salt,  390 

Circular  polariintion,  127 

Claesson ;  ethyl  sulphuric  add,  35! ; 
aahydroui  ethyl  sulphuric  acid,  352; 
ethyl  chlorsulphonate,  355 

Classification  of  chemical  compounds,  4 

Clasmfication  of  carbon  compounds,  lit 
Carbon  compomids. 

Clermont;  trichloracetic  add,  641 

Cloez;  ethyl  emanate,  414;  trichloracetic 
acid,  641 ;  tnchloracetamide,  543 

Coal  gas,  methane  in,  192 

Cocoa-nut-oil  soap,  692 

Coffey;  still,  391,  293 

Colin ;  hydrochloria  ether  a  compound 
of  hydrocbloric  acid  with  oleGant  gas, 
10  ;  acetone,  194 ;  ethyl  chloride,  343 

Combustion  of  hodtel  cootaining  sul- 
phur, 58 
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Comboftiiiii  of   Ditrogeooiu   nbaUneea,  CordiM,  Valerini ;  pnpBaliaii  of  otbtr, 

SS;  DM  of  lead  chrooute  in,  fi9  3S3 

CombiutioD  in  ■  cnrrmt  of  oxygen,  5S  Ooupcr ;  atooki  ot  cmrban,  H ,  Imkiog  of 

Compound  ethen,  ^4  fttonu,  113 
Compound  ndiali,  U  :  definition  of  tha 

t«nn,14 


Oompoondi  coDtaininK  Unco  atom 
eutMm  or  tb«  propjl  group,  MS ; 
atomi  of  carbon  oi  um  batjl  group, 
S76 ;  five  atom*  of  arboa  or  tba 
pentyl  group,  003  ;  >ii  atoms  of  carbon, 
826 1  MTca  aloDu  of  carbon  or  tho 
heptyl  group,  83fl ;  eight  atoma  of 
carbon  or  the  oetyl  grot^s  650;  mna 
atoma  of  carbon  «  the  nonjl  group, 
066;  t<B  atoma  of  carbon  or  toe 
decaljt  group,  MS ;  eleven  atoma  of 
carbon  or  the  beodecatyl  gnrap,  S6S; 
tmlie  •tomi  of  carbon  or  tbe  dode- 
ca^l  group,  667:  thirtaen  atoma  of 
carbon  or  the  tridecatTl  group,  669 ; 
fourteen  atonu  of  eaAnn  or  the  t«- 
tnideeal?!  group,  ii. ;  fifteeii  atoms  of 
carbon  or  tbe  pentad«at;l  gmnp,  870 ; 
aerenteen  atoma  of  nrbun,  677 ; 
eighteen  atomi  of  carbon,  678 

GompODudi  of  ethyl  and  aelaiiuin,  397 ; 
ethyl  hydr(jaelenidB,  ib.;  elhjl  ae- 
leiiide,39e;  triethyl  HlBniodide,  3P9 ; 
ethyl  diiKlenide,  ib.     - 

Componndi  of  etbyl  and  teUurium,  399 ; 
ethyl  telluride,  ib.;  sthyl  teUurium 
oxide,  400;  ethyl  tellunum  nitnte, 
ib. ;  etbyl  teUurium  ehloridc,  ib. ; 
ethyl  tellurium  lalphate,  401 ;  ethyl 
tellurium  carbonate,  ib. ;  ethyl  ditel- 
luride,  ib. ;  trietbyl  tellurium  iodide, 


Comi 


ompounda  ot 
456 


ethyl  with  tbe  c 


Cmupoundi 

Onnpounda  of  iaiqKopyl  with  sulphur, 

(Jompounda  of  methyl  with  antimony, 
243;  trimethylttibuie,  ii. :  trimethyl- 
itibjne  oxidv,  ib.;  trimethylitibonium 
iodide,  it, ;  antimony  poitamethyL,  244 

Compounda  of  methyl  with  boron,  £44  ; 
burmrthyl  ortrimethylborine,  lA. 

Compoundj  of  mrthyl  with  lilioon,  24S ; 
ailicoD-methyl,  ib. 

Componndi  of  lead  with  ethyl,  466 

Compounds  ot  tin  with  ethyl,  469 

Compound!  ot  the  monad  alcohol  tadicala, 
ttt  Monad  alcohol  radifala. 

Compound!  of  tetnethylauunoninm,  408 

Concentnted  acetic  acid,  4S1 

Condeuaation-pniductg  ot  acetone,  GTS 

Conine  cyanide,  563 

Constitutional  formolie,  114 

Copper  acetate.  50a 

Copper  acetoaneoite,  504 

Copper  formate,  2T5 

Copper  fulminate,  529 

O^iper  heptoat«,  649 

Co^nr  mercaptide,  378 

Copulated  compouoda,  29 

Copulated  radical!,  29 


Conn  it  chfuit  of  Nicolai  Uaanrj.  6 
Crafta,    tnethylaulphiue     oxide,    435; 

■ilicoheptyl  oxide,  463 
Cranaton ;  normal  eUiyl  eaitunate,  310 
Crockford;  anrit  indicator,  311,  31i 
CroM ;  heptj;!  alcohol,  641 
Crum ;  aluminium  acetatea,  G04 
Cuptannnanium  fuluiinurate,  631 
Cupric  oxide  aa  an  oiidiang  agent,  46 
Curd  nap,  691 
Cyanacetic  add,  64T 
t^anethine,  662 

Cyanides  ot  the  alccdiol  radieala,  16S 
C^amdea,  derivatiTe*  of  marsh  gas,  36 
Cyaumethine,  623 

Cyanogen  diico*ered  by  Oay-Loasac,  9 
C^anognn  OKnpound!.  33,  690 
Cyanogeo  compound!  of  ethyl,  413 ; 
ethyl  carbamine,  ib.i  ethyl  cyanate, 
414;  diethyl  amidaeyaunrate,  415; 
ethyl  diamidocyanorate,  ib,;  ethyl 
iaocyanata  or  ethyl  carbbnide,  U.; 
ethyl    iaocyanurate,    it.;  d>ethyI-iao- 

Tethyl 

...  ihiocyanate, 

it. ;  ethyl  thiocarbimide,  418 

Cyanogen  compound!  of  methyl,  331 ; 
methyl  carbamine,  ib. ;  methyl 
cyanate,  325 ;  metbyl  iaocyaaate  or 
methyl  carbimide,  ib. ;  trimethyl 
tricazbimide,  226 ;  methyl  Uuo^anatc- 
ib.  1  methyl  thiocarhimide  or  nwthyl 
muitard  oil.  237 

Cymogeue,  116 


DaXti;  etbyl  aulpbuiicaad,  850;  ether, 

Dalton ;  iiomeriim,  1 19 ;  gaaea,  191 
Uary ;  gaaea,  191 ;  fulminatea,  529 
Dean  ;  i-thyl  diaeleoide,  S99;  methyl  ae- 

lenide,  216 
Debua ;   determinatioD  of  sulphur,  76 ; 

mi4hylamiae;  21Bj   ethyl   ferithracar- 


Decatoic  adds,  664 

Decatyl  group,  663 

Decompo«Jti<Hi  of  aleohot,  380 

Definitions  of  organic  chemistiT,  31 
riitg, 

Debn  ;  triethylsniphine  ocmpoonda,  382 

De  Luynes ;  butyl  aloohol,  676 ;  methyl- 
ethyl  carlrinol,  661 

Delffi;  oenanthic  ether,  665 

Dtlpkiiai  glniicept ;  iaopentoiB  add  from 
616 ;  D,fkiKa»a,  isopentoic  add  frmn. 

Derivatiies  of  methyl,  253;  dichk»>- 
mrthane  or  methykue  dichloride,  li. : 
trichkinnethane  or  chloroform,  254; 
tetrachlonnethane  or  carbon  1 
chloride,     257 ;       " 
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metbene  dibromide,  ti,;  tribrom- 
metbaoe  ck  bnuiofonu,  ii;  letn- 
bnunmethBDe  or  cubou  tetisbrDmids, 
258 ;  di-iodomethaae  or  methyLene  di- 
iodida,  ib.i  tri-iadomethaue  or  iodo- 
fonCtSEB;  chloriadotorni,  2S1 ;  tetn- 
iodomethane  or  carbon  tebK-k>dide, 
tA.;  chli mitTometbane,  ib.;  trichk^ 
tiitfomethaae,  mtrocbloroform,  or  cblc^ 
ropicrin,  ib-  i  dichlordimtfomstbanei 
9^ ;  TDonobroTmutromethane,  363  ;  di- 
IsoTTUutromethAae,  ib^ ;  tribronuiibo- 
jnethane  or  bnjmo|Bcru],  ib. ;  cblordi- 
brommtrometbane,  %b. ;  tnnitrome- 
thane  or  nitroform,  ib. ;  tatranitxo- 
methane,  264 ;  methene  divulphonic 
wid,  ib, ;  roethioa  triBuIphonio  acid, 
265  ;  potanium  metbine  truulpbonata, 
ib.;     methj'l-merotptui    bisalpbania 


Dieth]^  oarbiuol,  605 

DietbjIcarboifdiHilpbide.  392 

Dietbj]  caib;I  acetate,  005 

Diethyl  cartel  chloride,  605 

Diethyl  oarl^l  iodida,  605 

Di-etbyl  coDverted  bj  chlorine  into  butyl 

oblorido,  J32 
DieUiylcyananiidOi  4T 
Diethyl  cyaiiunidorarboiuite,  3T4 
Diethyl-dimeUiyl  melhuie,  644 
Diethyl- dimlpho-dioiide,  3&6 
Di-etbyl  ether,  839 
Diethyl  formunide,  40T 


Diethyl  siuuiidiiie  urbonate,  374 
Diethyl  hydnBne,  411 
DiethyloBoo-ketoDe.  454 


d  wines,  SOS 


;  xaothic  dimlphide,  S91 
DeicToizelles ;   apparatus  for  c' 

tinu  of  Alcohol  in  been  and 
Detection  of  alcohol,  318 
Deutach;  ethyl  ortbotonnate,  3T6 
Deville:  detennin&tiODOt  lapourdeD^ty, 

94 
Devillier  and  Buiiine ;  trimethyleue,  223 
Dtacetamide,  519 
DiBcetonamiue,  514 
Diacetone  alkamiQC,  574 
Diacetyl  coibamide,  620 
Diamyl,  663 
Diamyl  ether,  SI  I 
Diomyl  ketone  or  caprooe,  667 
a-Diamylamine,  609 
DiamylBmiiHi,  614 
DiamylidHMphfaie,  614 
Diaso-WKiuiie,  4itl 
ZMboTOD  etJu^Kotetboilde,  440 
DibroDiwetic  acid,  544 
IMbroiDacel^l  ald^yde,  544 
MbroDUuetyl  bromide,  544 
Dilxombulyric  add,  59T 
Dihrom  methane,  257 
Dibronmitroethane,  4Sd 
Dibromnitromethaoe,  263 
Dibrom-Ditro-acetonitril,  529 
DibromuitropTopanp,  553 
Dibromprorionic  a«id,  560 
Dlbutyfoiide,  579 
Dibntjril,  596 
Dicacodyl,  339 
Dioetyl  ethei,  67S 
Diehlonoetamide,  S37 
Uehlonoetle  add,  G36 
DichloracetoDe,  571 
Diehtordinltrometbane.  263 
Dicfalorethjl  fotmate.  316 
DichloMthyl  oiide,  339 
DichlDrathylainiiie,  405 
Dichl«faniiie  ether,  19 
Dichlormetliane,  S53 
DIethylacetic  acid,  687 
Diethyl  umdooyannrBte,  41S 
Diethylamine,406 
DiethylardiK,  442 
DieUijl  arbsmide,  430 


DiethTl-iaocyuiuriG  aoid,  416 
Diethyl  ketone,  606 
DiethylmethyUrsne,  442 
Diethylmethylsulphiae  componndi,  383 
DietbylmethylnJphiuB  meicuiic  chloride, 
383 
detennina-       Dietbylmethyliuljdiine  platinia  chloride, 


383 

Diethyl  photphiDe,  433 
Diethyl  photphinic  add,  433 
Diethyl  phoaphorio  add,  365 
Dietbyl-ptopyl  caibinol,  655 
Diethyl  gei^carbBzide,  421 
DiethykUicon  dlchloride,  454 
Diethylaillcon-dietbTlBtG,  454 
Dietliyl  dlioon-diethyl-oiide,  451 
Diethyl  lulpUne  compouDda.  S j2 
Diethyl  nilphine  oxide,  S83 
Diethyl  nilphonate,  896 
Diethyl  lolpbone,  3SS 
Dirtbyl  tbiocubamide,  423 
DibepWlaeetie  udd,  67  ! 
Dihexy  1  ketone  or  CXnantbone,  669 
Dih^ydnanei,  163 


K- 
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Di-iodo-nitro-acetonitril,  629 
Di-iMibat^lamine,  565 

Di-iaobutylpboapblne,  585 
Di-iMbutyl  ketone,  659 
Di-iBOpropylamine,  566 
Di-inpropyl  oarbinol,  645 
Di~iaopropyl  ether.  664 
Di-iw^iTopyl  ketone,  645 
Di-impropylphosplune,  56T 
DiUtometer,  Klberroann'i,  314 
Dimethylarsenji:  acid,  241 
Dimetbylamina,  230 ;  bydrochlorid*  of, 

231 
Dimethyl-tunnioniiiDi  chloride.  221 
Dimetbylusne  compounde,  23T 
DimetbyUrainii  oxide,  238 
Dimethyl-batyl  methane,  643 
DimethyldietliyUmmouium  iodide,  409 
Dimethyl-etbyl-acetic  add,  638 
Ditnethylethylarniie,  442 
Dimethyl-etbyl-carbinol,  616 
Dimetbjrl-beptyl-methane,  063 
Dimethyt-iwpropyl  csrbinol,  632 
Dimetl^lphosphine,  226,  231 
DJmethyl-propyl  i:Btbiiiol,  631 
Dimetbyl-eulphioe  compounda,  213 
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Dimetbyl  otat,  22S 

DinitriBcetotiitril,  533 

IHnilmcthue,  426 

DinitroethTlio  scul,  430 

Dioitro-iubuUne,  6SS 

Dinitronaiiuia,  661 

^-Dinitropropuie,  60T 

Dinitiopropaoe,  C64 

Di-oetyl,  671 

Di-octvl  io«tio  mcid,  6S0 

IHoctTl  ether,  051 

IHoaooritlM ;  luie  of  roiik  (ril  for  iUmni- 
aaljiil,  143 ;  duUllBtioii,  Sa2 ;  rerJigria, 
BOa 

DIairmethylene,  263 

npbe&yUmiue,  vspoiir  deniity  of,  103 

tMpn^l  eublDol,  643 

IKpKi[7l  ether,  551 

JHjntiprl  ketone,  612 

Dipiopyl  tin  di-iodidp,  S5S 

Dlpanida-bat;l-methjl-«cetie  acid,  697 

Dinbatirl  ether,  5S4 

DiitilUfing  >n»ntiia,  SSe,  310 

DillJllmtiOD,  £nt  attempts  itt,  3,  4 ;  fnc- 
tioiuL  14T  :  'VVurti  &ppantas,  148  : 
Linnemun,  14S ;  Warren,  lb. ;  of 
iDiitiirei<,lS3;  history  of,  SS3 

DithicKsrbonic  uid,  393 

IMIhioethvlunithaDe,  419 

Dittmu ;  bailia|[-pDmt  ot  methyl  kleohol, 
198;  normal  ethyl  nrboDktd,  370; 
ethyl  formate,  376 

Dlvalei^l,  S31 

Duberemeri  ■dUpboroni  tpdrit,  194; 
niethyl  aloohol.ti.;  fonnjo  acid,  270; 
TinegaT-4*rop,  3S0  ;  ethyl  aulpbide,  300 ; 
ozygea  ether,  474 ;  Bldehyde,  475 ;  ace- 
tic acid,  486 

Dodecatyl  alcohol,  668 

Drake ;  TituiTitle  oil-well*,  144 

Dc^mr ;  propntiei  of  etber,  33S 

J}iiMpliila  etUarit  {vinefar  fly),  490 

Dry  diitllUtioii  in  eariy  time*,  4 

Dqiugtube,  BimMn,  240 

—  ■         ■         '■- «  ft^tate,  487 


tnethjl  alocihfJ,  19B;  metliyt  oxide, 
900;  methyl  diloride,  SD3;  methyl 
lodida,  306;  meUiyl  flunide,  S07; 
methyl  lulphorio  aod,  ih. ;  normal 
methyl  iul^t«,206;  methyl  mtnte, 
309 ;  methyl  ioRute,  2T6 

I>uafawipt ;  DMdmiy  othf  1  diloride,  464 ; 
trietbyUununthine,  447 

Du^a;  ■ynthetfa  method,  180;  mer- 
cuiy  ethide,  4SS;  eoetie  etiier,  e07 ; 
monoWomaoetk  acid,  543;    difannu- 


nationotor 


13;  theory  of  liibatitation, 
cbloracetic  acid,  ib. ;  theory  of  chemi- 
cal typen.  16 ;  reHemblance  of  acetic 
•nd  triehloracetic  acids,  17;  fatty 
adds,  38 ;  absolute  determination  of 
Ditrogea,  70;  determination  ot  vaponr 
deonty,  85;  example  of  method,  87; 
■yuthesis  of  primary  alcohols.  179; 
irood-apirit  and  aloobol,  195 ;  chlon>- 
lorm,  254,  255  ;  tribrommethaiie,  2S7  ; 
iodoform,  259;  etbjl  lalpbnric  add, 
350;  etbylchlorocarbonale,  371;  ethyl 
earbansate,  f  A. ;  trichloracetic  acid,  487  ; 
methd  acetate,  507;  acetamido,  G17; 
acetimitril,  531;  ohkml,  537;  tricbloc- 
■cetic  add,  540;  propionic  add,  566; 
acetone,  5S0 ;  bii^ronitril,  696 ;  amyl 
alcohols,  607 

Dumas  and  Bonllay;  many  derivaliTeeof 
aloobol  are  compaunds  eontaining  ole- 
flant  ^as,  11;  clasaification  of  deriT»< 
Urea,  A. 

Dnnutf  and  Pjligot;  -mpaia  deuity  of 


546;  di-iodacetie  add,  617;  ba^o 
■dd,  593;  inibatyrio  add,  S99;  iso- 
pentyl  alcohol,  609;  iaobutyl  methyl 
ketone,  631 ;  diethylacetio  add,  637 
Dorande;  araeoical  methyl  compomida, 
234 


Ebklux  ;  methyl  oxide,  200 

Ebelmeu     and    Bouquet;      boratea    of 

methyl,    311;    ethel     sulphite,    349; 

ethyl  ortbodlieate,  308;  ethyl  meta- 

ailicate,  369 
Bbullio«»pe,   Pohl's,    309,  Sit:   Halli- 

gand'B,309 
Ebtmaim ;  copper  acelo^nenite,  504 
Empirical  and  rational  formuln,  IIS;  lav 

of  the  linking  of  atoms,  iA. 
Eniler ;  apparmtos  for  detomining  Taponr 

density,  93 
ErlenmeyeT;gaafiimBee>S4;  pnreraet^l 

alcohol,  197  ;  secondary  propyl  alcohol, 

563 ;  caldum  butyrate,  594 ;  iaobatyiio 

add,  698 ;  inactive  amyl  aloobol,  60S ; 

methyl-butyl  carlinol,  637 :  beptalde- 

hyde,«47 
Br7thrite,682 
Ethal,  073 
Ethane,  36,   379;   derivatiTea  of,    114; 


Bt^ne,3 


:hl(niqae  (Soubelran),  3S1 

Ether,  dtlorine  substitution  jrodocta  of, 
sw  chlorine. 

Ether,  etbyl,  i«  Ethyl  ether. 

ElkiT  tklpkuriaa,  326 

Btbeteal  salts  of  ethyl  or  ethyl  corn- 
compound  ethers,  H'l ;  ethyl  chloride, 
ib, ;  ethyl  brtHnide,  346  ;  euiyl  iodide, 
ib.;  ethyl  fluoride,  348;  etbyl  pBi- 
chlorate,  ie. ;  ethyl  sulphite,  348 ;  etbyl 
suljAurous  add,  ih. 

Ethereal  salts  of  methyl,  302;  methyl 
chloride,  I'j.;  mfthyl  bromide,  306; 
Diethyl  iodide,  200 :  methyl  fluoride, 
901 ;  normal  methyl  sulphite,  ib. ;  hy- 
drogen methyl  sulphate,  or  methyl 
■ulphDric  acid,  ib. ;  potaniam  methyl 
sulphate,  caldum  methyl  sntphate, 
banum  methyl  sulphate,  lead  methyl 
sulphate,  normal  methyl  snlphate, 
methyl  nitrite,  SOS ;  methyl  mtrate, 
a09;  phosphite  of  metl^liSIO;  plua- 
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ptwte*  of  metb jl,  ii. ;  methyl  arwnite, 
it.;  metbyl  mneiuta,  ib,;  bontei  of 
meth;!,  mono-methyl  borate,  311; 
•nethyl  ivtfaoailiciita,  li, ;  euboiiktca 
of  methyl,  ii. ;  methTl  carbooate  or 
methyl  nreUune,  212;  methyl  1>11[>- 
phute,  it. ;  methyl  thiocarboDtte,  ih, 

BthenScation,  theoriea  of,  327  ;  Mitseber- 
Kch,  Berreliug,  liehig,  ib.;  Qmolm, 
Hennell,  SertUmer,  WiUiamwm,  S28 

Bthen  and  Alcohols,  151 ;  irthereal  uilta 
or  oompound  ether,  ib. ;  haloid  ethers, 
155;  ilmple  and  mixed  ether*,  166; 
mixed  ethen  and  thio-alcohoU,  157; 
(ulphides  or  thio-etheiB,  158 ;  larbando 
ether*,  165 

Ethen  and  salts  of  acetic  aeid,  4M 

Ethen  of  acetic  acid,  G07 

Ethen  of  butyric  acid,  5S5 

Ethers  ot  fatty  arids,  6S4 

Ether*  oF  iaorganic  acids,  6S4 

Bthen  of  iaobatyric  add*,  600 

Ethen  ot  valecio  add,  eSO 

Ethers,  various,  discovered  in  the  aii- 
teeoth  ceDtniT,  4 

Bthjl  aoetunfde,  618 

Btl^l  achobol,  £82 ;  distillatioii,  ib. 

Ethyl  aloobol,  derivative  of  ethane,  114 

Ethyl  aledbol  on  oiidatioD,  13 

Ethyl  ■oetate.fiOT 

Etbyl  alcohol  in  nature  snd  dry  distil- 
utiou  of  organic  substances,  S9T 

Ethyl  allophanate,  3T3 

Ethylamidomethyl  carbonate,  ST9 

Bthylammonium  carbumite,  404 

Bthylammonium  carbonate,  401 

Ethylammooiiim  chloraurat;.  404 

Ethytammouium  chloride  40:1 

Ethylammoaium  ethylthio-cairbainate,  - 
418 


Bthylai 


m  hydrosulphide,  405 

n  nitrate,  404 


Btbyl-amyl  ether.  All 
Btlvl-«nyl  sulphide,  S13 
EtliylaiKnate,3eT 
Bthyl  arsenite,  36fl 
Ethyl  and  •elemum  compomids,  397 
Btlnrl  and  tellurium  compounds,  399 
Bthyl  bases,  403 
Ethyl-tnsmath  chloride,  447 
Sthyl-blsmnth  iodide,  448 
Ethyl-bismoA  nitrate,  448 
Btbyl-bismnth  oxide,  44T 
Bthyl  broDude,  348 
Ethyl-batyl  ketone,  63S 
Bthyl  bn^rate,  695 
Ethyl  cacadyi.  MS 
Ethyl  OKOdylfa  add,  443 
Ethyl  caioate,  654 
Ethyl  ofiroste,  835 
Ethyl<a^yl  ether,  853 
Ethyl  ewbamide,  419 
Etlnl  eaibamine,  413 
Ethyl  eaifasmate,  371 
Btl^l  carUmlde,  416 
Ethyl  carbonat^  369 ;  hydrogen  eOiyl 
cufaonate  or  eUiyl  eaitni^  scad,  li. ; 


mKmal    ethyl    csrbonale,  889 :    ethyl 

orthocarbonate,  871;  ethyl  chlocooar- 
bonate,    ii, ;    ethyl   carbamate,    ili. ; 


Etbylcarbonic  add,  369 

Ethyl  carbonyl  ammouiom  chloride,  41S 

Ethyl  cetyl  ether,  674 

Ethyl  chloride,  denvattve  of  ethane,  114 

Bthyl  chloride,  342;  preparation,  343; 
properties,  344 

Btbyl  chloracarboDste,  371 

Bthyl  chlorsalidionato,  355 

Ethyl  compounds  vith  the  metals,  455 

Etl^l  cyanamide,  417 

Ethyl  eyanate,  414 

Etl^I,  cyanogen  compounds  of,  413 

Bthylnauetboninm  hydroxide,  562 

Ethyl  diaoetamide,  G19 

£thyl  diamidocyanUTate,  416 

Bthyl  dihnmucaUte,  644 

Bthylene  dihiomide,  SS 

Btt^l  dioaibothionate,  392 

Bthyl  diohlcnoetate,  &3T 

Bthyl  diiTanamide,  417 

Ethyl  di-iodaoetat«,  54T 

Ethyl  [lioxjthiocaibonata,  S81 

Bthyl  diMknlde,  399 

Bthyl  disilicate,  S8S 

Ethyl  disulpbide,  SA5 

Ethyl  ditalluride,  401 

Btbyl  dithiopbosphata,  S8T 

Ethyl  ditMopympbosphate,  388 

Ethyl  dithioiycarbonate,  3S3 

Ethj;!  ether  n  ethyl  oxide,  323 ;  early 
existoice  of,  ii, ;  receipt  for  ether 
after  Frobeniiu,  321 ;  theories  ol  etheri- 
ficatim,  33T ;  Williamson's  theory  of 
ethcrification,  32S;  preparatioa  of 
etber,  331 ;  manntactore  of  ether  by  the 
GoDtinuDUs  pnceas,  333 ;  prop^ties  of, 
833 ;  decompositioDB  and  uses  of,  33S 

Ethyl  ferronaolde,  4tS 

Ethyl  tiDoride,  318 

Ethyl  formamide,  408 

Ethyl  faimate,  3T5 ;  diohlorethyl  formate, 
376 ;  perchlorethyl  ehlorformate,  it. ; 
ethyl  ortboformate,  ii, ;  ethyl  0Ttlio> 
siliooformats,  ST  7 

Ethyl  group,  379 

Btbyl  Eeptoate,  SW 

Ethyl-bexyl  etiiei,  627 

Ethyl  hydraiine,  410 

Ethyl  hydraiine  urea,  431 

Bthyl  hydmselenide,  397 

Ethyl  hydrwulphide,  ST8 

Ethyl  iodide,  S48 

Bthyl  iodobutyrate,  S97        '  . 

Ethyl  la(>buty[ellier.6S4        ^ 

Ethyl  isocapraate,  838 

Bthjd  isoD^nate,  41S  , 

Ethyl  isooyanuiate,  415 

Ethylir ■-" 

Bthrii 

Bthyl I 

Ethyl  mercaptaii,  378 

Bthyl  metaborate,  36T 

Bthyl  metasilicate,  369 

BthylmethyleUiylsalphlne 
884 
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KthTlaetbjlethylnlpbiiKi  xuircUTia  chlo- 
ride, 364 

SthvlmethTlethTUnlpImie  platinia  ehlo- 
nde,Sa4 

Bth;l  moniodieeUte,  646 

Bth^l  moDobroiiu.ceUte,  543 

Ktliyl  moDochloncetatc,  S3S 

Bthjl  moDothiocsrlxHiic  Kid,  391 

Bthyl  moiiothiopbo«pb»te,  388 

Btiijl  meUijl  lulpbide,  381 

Bthjl  muatnrd  oiT,  418 

Stbyl  nitiate,  359 

Ethyl  nitrite,  3S4 

Stl^l  nitrite,  tleoholio  nlatlon  (Spiriliu 

aihiru  nilroti),  3W 
Ethyl,  iutn>-compounda  of,  423 
Ethyl,  nitrcaeD  buea  of,  401 
Btby]  nifaraUc  acid,  42S 
Bthjliioi™te,6O0 
Btfavl  octoBte,  65T 
Bthjl4cly1  ether,  651 
Ethyl  orthobonte,  367 
Ethyl  orthocvbonite,  371 
Ethyl  orthofomute,  S76 
Bthyl  orthoiiGcrte,  388 
Ethyl  orthoiilicD-uetate,  455 
Ethyl  orthoiilicafoniikte,  3TT 
Bthyl  orthodlicopiopioiute,  451 
Ethyl  arthotetrkthinarbonate,  389 
Ethyl-oiiile-chloiiiuted  ether,  339 
Kthyl-oiydithio-cubiHuc  add.  389 
Bthyl-oiymilpbocuboiute,  390 
Ethyl  pJmitBle,  ATT 
Ethyl  pentuulphidb,  38fl 
EUtyl  peDtathiopboi}Jut«,  383 
Bthyl  peotoate,  618 


-Unc 
te,348 


,6^ 


Ethyl  pboephioio  add,  433 

Ett^l  P  "  rhorpUte* 

Ethyl  p  Hd.  SOI 

Ethyl  p  acid.  3fil 

Bthyl  p  le,  416 

Ethyl   1     .    ,         her,    Tapoiir    deniity 

detetininatioo  of,  93 ;  nwleculai  for- 

mule  of,  1U4 
Ethyl  pro[rionate.  559 
Ethyl-pcopyl  csriiaol,  628 
Bthyl-ptt^l^carbyl  ctlijl  ether,  029 
Bthylfropjl  eUier,  S51 
Ethyi-piopyl  ketone,  830 
Bthyl  pyii>i>hoaphiite,  368 
Ethyl  >elenide,  393 
Ethyl  wmicarbaiidfa.  421 ;  ethyl  hydra- 

dne  urea,  tt.;  diethyl  •emicarliuide, 

Ethyl  ■ilicatei,  363 ;  etbyt  orthoiilicate, 
it.;  ethyl  ditUicaCe,  ik.;  ethyl  meta- 
■ilicate,  369 

Bthyl  nlocoheptyl  oiide,  451, 453 

Bthyl  lilicon  trichloride,  454 

Ethyl  stearate,  680 

Bthyl  ■ulpbattw,    352;    pataniain,  ib.; 


Ethyl  (olpbtde,  380 
Bthyl  ntlphide  titammn  chloride.  381 
Bthvl  aolphide  mercnric  iodide,  381 
BUiyt  aalphide  pUtinnni  chloride,  381 
Ethyl  aalphide  BMreoric  eUoiide,  381 
Ethyl  ral^iinio  add,  3M.  397 
Etbytnl^iine  compotnui*,  38Sj  diethyl- 
nuphiue  eonqiouiidi,  ib, ;  tnethylml- 
ph^e    oompoundj,    H.x     triethyUul- 
pbine  hydraiide,  ib. ;  triethylnilphine 
chloride,  ib. ;  triethylnlphine  hmmide, 
883 ;  triethylnlphine  iodide,  ib. ;  tri- 
ethylfulphiue  utnte,  ii. ;  tnethylaul- 
idiine  aol^uto,  ib. ;  trietbjlinlphine 
iTanide,   d. ;    dietbybnethylnilphina 
eompomidi,  ib. ;  dlethybnethylmdphiiie 
platinlo  chloride,  ib. ;  diethrlmethjl* 
lalphine  mentaric  chloride,  A. :  elhyW 
raethyletbylmlptiina  oobipoimd«,3S4: 
ethylmetbylethylnilphiiw         platmia 
chloride,  ib. ;  etbylmethylethylauliitiiiia 
■nercnrio  chloriov,  ii.;  etb^l-thioca^ 
bamide  iodide,  ib, ;  conalitutuo  at  tha 
atllidiine  cmnpoond^  ti. 
Ethyl  Mlpbite,  349 
Bthyl  nlphon'    -^'  "' 


Bthyl  nilphoDic  chloride,  395 
Bthyl  ■oTpbonic  etiiyl  ether,  391 
Ethyl-nUpboric  add,  390, 353 


Bthyl  tellurium  hnnoide,  401 
Ethyl  tellurium  carbonate,  401 
Ethyl  telluriom  chloride,  400 
EUiyl  tellnilam  iodide,  401 
Ethyl  tellurium  nitrate,  400 
Ethyl  tellurium  oiide,  400 
Ethyl  tellurium  mlphate,  401 
Ethyl  tetrasulphide.  388 
Ethyl  tettathiDphoapbate,  337 
Bthyl  Uiiaaitalfl,  516 
Ethyl  thioallopbonate,  394 
Ethyl  thioanenitfl,  388 
Btl^l  thioGarbamale,  3S3 
Ethyl  thiocarbamide,  418,  423 
Ethyl-thiacarbamide  iodide,  884 
Ethyl  tbiscranate,  417 
Ethyl  thiophcKphite,  388 
Ethyl  tbiosolpllDric  add,  388 
Ethyl  thloiycarbonate,  392 
Ethyl  triborate,  367 
Bthyl  tribromacetate,  545 
Ethyl  triehlor»xtete,  543 
Ethyl  trimethylacetate,  834 
Ethyl  trianlphide,  386 
Ethyl  tritluocarbonata,  3SS 
Ethyl  trithiraio  add,  398 
Ethyl  trithiopboepbate,  S8T 
Ethyl  valerate,  620 
Ethyl  xanthate,  890 
Ethylamine,  403 
Ethylamine  eompcMmda,  401 
Bthylamine,  deri*al)va  of  eUiaue,  114 
Ethylamine  (ethjliaqDe)  focmnla,  94 
Ethylamine  faydiwhioride,  403 
Bthylated  chloride  of  nitragen,  40ft 
EUiylated  thio-nreM,  423;   ethyl  tfato- 
earbamide,  A. ;  diethyl  thiocariNuaida 
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BthjUtcd  ureal,  ilO;  ethyl  urbuniile. 
ii.;  irdietli;!  carbamida,  430;  di- 
ethyl (srbamide,  ib. ;  triethjl  csrlM- 
mide,  ii. ;  tetnetbyl   mrbunide.  ii. 

BUijUtes,      323;     potanium,    sodium, 


Ethylene,  30, 117 

Gthjlene  Blcohol,  SS 

EU^loie  chlarhydnte,  28 

Ettling  ;  DOnnal  etbyl  cuboiiat«,  S69 

Eapion,  139 


T. 

Faqet  ;  hexyl  alcohol,  630 ;  primary  iao- 

heptyl  alcohol,  64S 
"  Fiinta"  from  potatiHpirit,  649 
Fandayi    inomerism,   130}    spirit  from 

eoa1-gu,30e;  iahalalutHi  of  ether,  337 
Fatty  acid  seriea  from  znanh  gas  bydrtK 

earbons, 3T 
Fatty  acids,  molecnlal  lonntiliB  of,  lOS ; 

pmSa  obtained  from,  13T,  139;  sub- 

■tiCutioD  producla  of,  1T8 
Fatty  acids  and  primary  alcohols,  160 ; 

syntbeaisof,  1:B 
Fatty  acids  containing  from  nineteen  to 

decatoic,  aracbidic,  medullic,  behmic, 

ib. ;  li^oceric,  hjienasic,  681 
Fatty  acids  ;  general  propartiefl  of  the, 

684 ;  sepsfation  of,  it. ;  partial  neutn- 

llzatioii,  ib^i    fractional  precipitatian, 

095 ;  b(nting  point,  OSfl ;  melting  point, 

887 
Fatty  group  of  carbon  compounds,  128 
FehtiDg ;    paraldehyde,    47B ;    metalde- 

hyde,4e0 
Ferric  acetate,  505 ;  xanthate,  390 
Ferrous  aeetate,  G05 
Filhol ;  iodoform,  2S9 
Fischer;  laide  compounds.  431 ;   formic 

add,  369 1  capric  acid,  665 
Kttig ;  primary  propyl  alcohol,  549 ;  di- 

ehorscetone,  B71 ;  pelargonio  acid,  600; 

niethjl-oonyl  ketone,  666 
Fits ;  propionic  aoid,  £5T,  558 ;   butyric 

aodd,  693 
"  Flashins  pirint"  of  petroleum,  146 
FOrmunide,  2IT 
Formates,  2T4 ;  potaodam,  sodium,  am- 

momom,  calcium,   ih. ;    boriom,  lead, 

coiq>et,  silver,  mereuric,  275;  mercn- 

rous,  methyl,    276;     roethylorthofoi^ 

mate,  377  ;  rormtunide,ti. ;  methyl  foi^ 

mamide,  278  ;  reactions  of  formic  acid 

and  the  formatps,  ib. 
Formic  acid,  12.113,360;  gyntheris  of, 

271 ;  preporatian  of  anhydn>us  formic 

acid,  273 ;  propertioi,  ZT3 
Formic  acid  and  tbe  formatsi,  reactions 

of,  278 
Formic  aldeh}^le,  360 
FonnjI  group,  266 
Formnh^  catculatico  of,  83 ;  molecular, 

S4, 103  et  tea. ;  empirinl  and  ntional, 
114 


Fonrcroy :  ether,  326 ;  properties  of  etbar, 

331 ;  wme-oil  and  ether,  354 
Fractional  diitillatioo,  147 
FraDchimaut ;  normal  beptic  acid,  648 ; 

normal  nonoic  acid,  660 
Fnnkland ;  hydrooarbons,  ]  9 ;  some  adds 
oonjugate  compooads.  30;    action  of 
zinc,  130;  chloride  of  ethyl  hydride, 
132;    synthetic  method,  180;    arses- 
dimethyl,    235;   "chemical    valency," 
ib.;  linc-methyl  and  ethyl,  246  ;  met- 
cury-methyl,  350 1  ethane,  2T9 ;  boron 
compoondi  of  ethyl,  448;  ziuc  ethyl, 
496,  460  ;  mercury  ethide,  46S  ;  lead- 
tetraethf  1, 466 ;  acetrc  other,  607 ;  pro- 
[riomo  acid,  556;  oyaaethfaia,  663 ;  ba< 
tane,  677  ;  butyno  add,  593  ;  itobalyrio 
add,  69D;  isopentane,  006;  impeDtyl 
alcohol,  609;  isobutyl  methyl  ketone, 
631;  isocaproicBdd,636;dietbj]ac«tio 
add.  63T;  isocaiaoyl  nibril,  ib.;  tetra- 
methyl-heiaoe,  663 
Frapoli ;  monDchloretber,  338 
Freuod ;  ketones,  182 ;  dibutyryl,  596 
Freeiinp-machine,  Vincent,  204 
Fridau ;  dicetyl  etiier,  673 ;  tricetylamlue, 
675 


IsoproOTl  alcohol,  663 ;  methyl  propyl 


SS, 


Friedel  and  Crafts;  ethyl  orthodlicate, 

368 ;  ethyl  metasilicale,  360 
Friedlaudcr ;    methyltriethyl    itibomnm 

eompoonds,  447 
Frobenius,  Bigismund  Augustus ;  etbo', 

324,326,357 
Fmit  ia  the  manofactore  of  alcohol,  286 
Fuel,  alcohol  as  a,  316 
Fulmioates,  decompositions  of  the,  539 
Fulminic  acid,  B24 
Fulminuric  add,  530 
Funk ;  bored   the  first  OoiriDg  oil-well, 

144 


G. 


_      ,  ..  i  add,  546 

Gallic  Koap,  689 

Oamgee;  experiments  with  rosrcm;- 
m  ethyl,  361 

Gas-burner,  Bunsen's  non-lumlnoos,  53 

Gas-combustion  furnaces,  53  et  teq. 

Qa>«pcings,  145 

Gasea  absorbed  by  alcohol,  317 

Qaultkeria  pntcvmbtw ;  ethereal  oil  of, 
196 ;  panctata,  methyl  salts  obtained 
from,  ib.;  temvcarj/a,  methyl  nlta 
obtained  from,  ii. 

Oautier;  propiDDitril,660 

Oay-Lunao ;  diacorers  cyanogen,  0 ;  ex- 
periments on  weight  of  vapour,  10; 
method  of  analysis.  43 ;  compodtion 
of  adds,  69 ;  determination  of  vapour- 
density,  87 ;  example  of  method,  f~ 
alooholomemc  tablei,     '       ' 
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908;  uuljrdi  ot  ettier,  934;  «thvl 
iodide,  348 ;  ethjl  mlphnric  tad,  330 ; 
fulminic  vid,  624;  rilTer  fulmiiute,  52S 

Quoline,  146 

Geber;  one  uwtatfi,  499;  tribtuao  leail 
Acetate,  602 ;  Terdegiii,  it. ;  ferrio 
Kwtate,  SOS 

Oei«e ;  ihloropiorin,  281 

Geiitler ;  nporiineter,  SIS 

Oelii;  biityncuid,  691 

Geoffroy ;  Bleohol  tert,  301 

O^rliArdt ;  theory  of  polybasc  Bcidn,  SI ; 
type*  and  ndic^i,  S3  tt  ito. ;  l&ble  of 
typei,  25 ;  conitjtutioa  of  rliemiul 
compoiuidB,  26 ;  coputated  compounds, 
E9;  orgaDiacompouridB,3L;  hoinoloi/oiit 
aod  A^fT^'/t^inft  eenc'H.  38 ;  chloropicriD, 
S81;  formic  aeic),  2T0 ;  and  Chiunl; 
ethyl  Biilphouic  chlnride.  395:  a»tyl 
DKide,  eOO;  acetfl  chloride,  613  ;  ful- 
minic acid,  625 ;  peUrgooic  aoid,  660  ; 
oil  of  rue,  066 

Oennau  soap,  089 

QcMuer;  ethei,323 

Oeuther;  dlchlormethane,  364;  normal 
Mhyl  carbonate,  310;  acetone,  570 

Qieaecke;    methyl-nonyl  ketoue,   666; 

dargonic  add,  660 
a  ;  normal  alcohol,  303 
Gia^atooe;  ituc  methyl,  246,460;  una, 


OlycoUio  acid,  tonnula,  118 

QneliD ;  on  the  claaii&cation  ot  organic 
and  inorganic  compounds,  9 ;  nucieoa 
theory,  IS ;  onnio  compounds,  31 ; 
methyl  alcoboT,  194;  etheriflration, 
S38 ;  normal  etbyl  aatmnate,  STO 

Gold  mercaptide,  SSO 

Gorup-Boaoei ;  tuaUifl-nonjl  ketone, 
666 

GosMge,  William ;  aoap  aUtistin,  SM ; 
Frederick  U.,  soap  statistics.  695 

Goealeth;  tetramethyl- hexane,  003; 
Dsl  dodecatanr,  667 


Graham ;  the  alcohoUtes,  S31 
Gnin  spirit,  pieparatioD  of,  287 
Grimm  ;  melyl-Donyl  ketone,  666 
Grimibaw ;  heifl  alcohcd,  641 
Orate  ;  add  from  valerain  root,  618 
Groves;  etfavl  chloride,  348, 344 ;  ctliyU 

amine,  hydrochloride,  40S 
Qmnnrelg;  butyric  adds,  698 
Gnaoidines,  compound,  166 


Haloid  compoundi  ol  acetyl,  SIS 

Bare;  ethyl  perchlonte,  348 

Hamiti-Haniitilcy ;  ehloraceteiie,  480 

Batchettite,  140 

Becdmtyl  alcoboL  673 

Beeht;  leomdaiy  tieiyl  iodide,  628 

Heints;  ethyl  nitiates  360;  acelooine, 
GT4 ;  acetone  products,  CTS ;  separa- 
tion of  fatty  adds,  685 

Solmholt ;  ui^pmic  reaearcbes,  6 

Hendeeatoio  acid.  667 

Hendeeatoae,  665 

Eeodecatyl  group,  66S 

Hennall ;  apirit  from  coal  gas,  396 ; 
etheriftcatiOD,  328;  ethyl  sulpfantie 
Biad,  350,  351 ;  vine-oil,  35* ;  fulminat- 
Ini  mercury,  638 

WTlliai- - -■ ■—    ■"■ 


Bpnry, 

191 

HepUldehyde,  647 
Hephmide,  649 
Beptane,  639 
Beptoio  acids,  646 
Beptonitril,  649 
Heptoyl  oxide,  649 
Heptyl  acetate,  643 
Hc^i^  bromide,  649 
Heptyl  chloride,  649 
Heptyl-eUiyl  ether,  643 
H^rtyl  g *°" 


Heptyl  heptoate,  i 
"    '  lio<fide,  64: 


649 


Beptylio 

HtraJrUam  gigaHUum,  636 ;  oil  ftom  seed 
of,  195;  alcohol  in,  397;  primary  oe^l 
alcohol  tram,  651 

Btrairlaim  s/Antfytini,  primary  oe^l 
alcohol  from,  650 

Hermstiidt ;  acetie  add,  4S6 

Herodotus ;  pissaqihattum  uaed  for  em- 
balming, 143 

Hess  ;  combuation  furnace,  63 

Heterologous  series,  38 

Epiane.  625 

Heichloracetone,  6T3 

Heinihyl-dliCMithane,  451 

Heimethyl  ethane,  656 

Hcioio  or  caproic  adds,  6S1 

Heiyl  aceUte,  62T,  63B 

Heiy]  aloobol,  626 

Heiylamine.  628 

Hexyl  bromide,  637, 638 

Heiyl  chloride,  628 

Beiyl  group,  625 

Hexyl-bydroaulphide,  638 

Hexyl  iodide,  627 

Heiyl  oxide,  638 

Heiyt  thiocailnmide,  638 

Hexyl  thioeyanate,  fBS 

Historical  Introdoctioo,  3-39 


^  GS;  deteiminatioa  of  v^oor 
density,  89;  at  higher  teuiuuiatunia, 
91 ;  iyntheds  of  primary  alnAob,  IT9; 
methane,  191;  methylaminn,  316;  di- 
metbylamiiie,  S30;  mosMsnetby^oa- 
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phiae  and  dimethylphotpbiDe,  229; 
tetraehlaTmethaae,  2ST  1  chloropicnn, 
262;  methiiie  diaulpbonic  add,  2&1; 
formic  aldehyde,  S66;  formuuide, 
277;  othyUmine,  401,  402;  tri- 
iodide,    409;    ethyl    phcxphuie,    4SI ; 

'  tiietbyl  phoiphiae,  433;  puvthial- 
dehyde,  481;  acetiniitTil,  5^;  mono- 
chloncetii;  aoiil,  533 ;  propionitril, 
661 ;  BMondary  butyl  Ibiocaibiinide, 
583 

Homologona  sertea,  S8 

Howud  ;  f  ulminio  xdd,  SS4 

Hugeiu;  ethyl  nitrite,  356 

HuHmuin  ;  etbyl  trithiocubonate,  388 

Bydrniiue  compoauda,  161 
Hydrides  and  ndicalt,  133 
HydrocarbODs  and  their  derivatives,  37 
Hydrocarbon!  from  alcohol  radicala,  19 
HydrocarbonB  ol  t^e  parafBn  aeriefl,  130 
Hydrochloric  ether,  10 
Sydroehloride  of  dimethylamiiie,  321 
Hydrochloride  of  methyUniiDe,  320 
Hydrochloride  of  trimethylamioe,  233 
Hydrogen  amyl  mlphate,  €13 
Hydro^D  ethyl  c)irboDst«,  366 
Hydn^n  ethyl  phosphite.  331 
Hydrogen  ethyl  selenate,  356 
Hydrogen  ethyl  sulphate,  or  ethyl  rat- 

phone  acid,  350;  prepaistiOD,  it.,  pro* 

pertiea,  351 
Hydrogen  methyl  solpbate,  207 
Hydrogen  silTer  f  nlminnte.  628 
Hjdronieteci,  303;  Sytes's,  306 


laobuty]  iodide,  5M 

iBobutyl-methyl  ketooe,  631 

Isobutyl  mastard  oil,  565 

Isobutyl  nitrate,  6S4 

Isohutylphoaphme,  585 

Isobutyl  propionate,  5S4 

Isobutyl  silicate,  584 

Isobutyl  sulphide,  5S5 

Isobatyl  thiocyonate,  585 

Isobutyl  tri  thiocarbonate,  585 

Isohutyraldehyde,  597 

Isobutyraniide,  600 

Isohutyrates,  GM 

Iiobulyric  acid,  187,  5B8 

Isobutyric  acids,  ethers  of,  600 

Isobu^ric  acid,  substitution  products  of. 


isucvpnc  aciu,  nw 
iMMatpric  alcohol,  663 
Isocaprio  aldehyde,  665 
Isootpcoio  acid,  636 


Isocaptoyl  aiihydiide,  636 
Isocaptoyl  chloiide,  636 
Isocaproyl  nitril,  637 
Isocaproylamide,  637 
Tsocer^'l  alcoho!,  663 
Isoutoic  acid,  657 
Isoetyl  alcohol.  655 
Isoctyl-metbyl  ketooe,  663 
iMcyaoatea,  161 
iMKyaoides,  163 
I"*?'      


lnudodimethyl- acatodimethyl  -  propionic 

iDactive  amyl  alcohol,  608 

Iodine,  det^mi  nation  of,  75 

Iodine  substitution  products,  546 

Iodoform,  259 

Isobutane  and  it*  derivativet,  5S3 

Isobutyl  Bcetste,  584 

Isobntyl  alcohol,  1S7,  5S3 

Isobntylamine,  585 

IsobDtyl  borate,  584 

Isobutjl  bromide,  68* 

I»>bu^l  bnlyrstc,  685 

Isobutyl  cBihamine,  585 

laoba^IcsrbiDol,  608 

Irabntyl  carboiute,  584 

Isobn^l  chloride,  684 

Isobutyl  compounds,  SB7,  600;  isobahrr- 

■Iddiyde,    597  ;   isobutyric  acid,  598 ; 

cakoam  isobotyrate,  589 ;    sUvcr   iso- 

butyiate,  it. ;    nnc    isobatyrate,    ib. ; 

etben  of  iaobotyrie  adds,  600 ;  isobu- 

rl  compooDOS,  ib. ;  isobutyramide, 
laobatyrouitril,  ib.;   sobstitution 
|*oducts  of  isobutyric  scid,  it. ;  btom- 
isobntyric  acids,  601 
Isobutyl-dimethyl  corbinol,  645 
Isobu^l  fonnate.  584 
Iiobatyl  hydco«ilphide,585 

168 


.__<fibDtol,  655     . 

Isoheptaue  and  its  (terivatives,  643 

Isoheptole  acid,  649 

Isohep^I-aeetie  acid,  663 

Isobepttt  alcohol,  primary  and  secondary, 

643 
Isoheiaoe  and  ita  derivatives,  630 
Itoheioic  add.  636 
Isomeric  compounds,  123 
Isomerides,  132 
Isomerism,  119  ;  ia  the  restricted  sensr. 


131 


physical,   126 ; 


i,121 

Ai  acid,  661 
laomanthylic  scid,  64( 
Isopaiwitic  acid,  677 


laopentone  and  its  derivstjvei,  600 
Isopentoic  add,  SI  8 
Isopeotyl  alcohol,  60S 
laopropyt  acetate,  G6S 
Isopropyt  alcohol,  663 
Isopropyl  borate,  666 
Iiopropyl  bromide,  6S1 
Isopropyl  butyTBte,  596 
Isopropyl  Fsrbnmioc,  566 
Isopropjl  chloride,  S64 
Isopropyl  cysuate,  666 
IsofRUpyl-eth^l-methyl  carbinol,  645 
Isopropyl  iodide,  564 
laapropyl -isobutyl  corlaDot,  655 
Isopropyl  nitrate,  565 
Isopropyl  nitrite,  565 
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Iwpcop;!  oxide,  661 
Iwprop;!  pbosphine,  66T 
Isoprop;!  phoaphinio  uiil,  Sdl 


Kuhlmaim;  ether  eompoosdi,  337 ;  atliTl 

chlomilpboBtte,  3S3 
Kuikkel;  etiiTl  nitrite,  3S6 


leoprnprl  with  nlpbitr,  oompounda  of ,  t65 
iKxteane  arid,  SSO 
IsothiocyuuteB,  166 


JlooMBK  1  lubetitution  pradnota  of  ether, 
S38  ;  manocbloT^tber,  it. ;  paitarchlor- 
etbfl  oiide,  MO 
Jaiwnk ;  aomtl  heptoie  add,  M8 
Jkmdcm  plan  of  preparing  rioe-epJrit, 

J(dm ;  Ibit  to  examine  beeeirax,  681 
jobnaon'a  Laian    Ckymiaim;  tlcobai, 

MS 
Jonrdaa;  beptyl  sloobol,  641 
J07  1  etb;l  leleDitle,  SOB 
Judson ;  trichloncetk  aoid,  541 


I^adolt;  trimetbTlallbiBe,  S43 

iMogltt ;  otto  at  roas,  6T1 

Laaaalnie ;    detectdoo   of   uittogen,  M; 

etbvl  phoaphoric  acid,  384 
IMacbiaoB ;  aoetone  baoaa,  SI4 

"   I  of   ether,  335; 


;  meeiklikiral,  {71 ;  me^trl  oxide, 

6T3;a«taDe,Mg 
Eaaawnikoff ;  methjl-ethjl  carbinol,  681 
Ear ;  eOiylartbafonni '     "'" 
Ed[ul«  I  nethyl  cUki 

organic  ohemialrj,  3 

acetiB  add,  615;    tnlmuufl  acid,' 625; 

fulmiDnric  add,  530 
Eetonea,  1S3  tl  leq. 
Klaproth'a  iion  tincture,  606 
Kliager ;  paiathialddifde,  461 ;  «-pvfe* 

thiatdehyde,  4SS 


tioD  u  nilpiiDr,  78 ;  electralnii  of 
fatty  addi,  130;  chloride  of  etliji  hy- 
dride, 133 ;  preparatian  of  paraffin,  137  ; 
paraffin  from  fatty  aciils,  ib. ;  uomBi- 
clature  (or  alcohol*,  ITl ;  •ecoudaty 
akoholi,  1S2;  tertiary  alcohoU,  186; 
methyl  ralphooii:  acid,  21S;  uitro- 
methaiie  S27:  carbon  tetrachloride, 
487 ;  aiMn-dimcthyl,  336 ;  ethaiM,S79 ; 
triohloracetie  acid,  641 ;  pn^ionie  add, 
IUS6 ;  cjauethine,  56S ;  ■eeondaiT  pro- 
pyl alcohol,  668 ;  ieoba^iio  idd,  W8  ; 
uoeanroio  acid,  636;  iaocuroyl  nitril, 
637  ;  tetramethyl  butane^  664 

Kopfer ;  platimun  in  organio  aoah^  60 

Eopp ;  iperiflo  ^ritj  of  methyl  aU 
cohol,  198 ;  boding  point  of  methyl 
alcohol,  a.;  ethyl  nitrite,  SS8;  ethyl 
formate,  375;  eOiyl  raltifaoaia  add, 
SM;  batyl  alcohol,  576 

Xjrimer;  propyl  alcohol,  S4d;  trichlor- 
BOetone,  5T1 

Eragw ;  ett^l  chloride,  343 


acetic  ethei,  507 
Xaunnt;    tbsaiT  of   mbititaticaa,  IS; 

theory  of  chemical   oonatitiition,  16; 

theoiy  of  polybado  adda,  21;  ^pa 

and  radicaU,  33  ^  ttq. ;  tnlininiB  aiod, 

6^ ;  "aoide  uol^ne,"  646 
lAoric  add,  668 
t^Ti^Bier;  di«aoTem  tbe  compoaition  of 

carbon  dioxide,  6  ;  on  tbe  eompoKtiai 


dtioi  of  tbe  aoinui  kingdnm,  I :  tjt- 
tem  of  cbanuitiT,  d.;  Hia  leataidne 
oa  (enneDtAticii,  ii. ;  nwthad  of  analj- 
da,  40;  akoholie  fecmcataiiaa  of 
nigar,  S88 ;  acetic  aeid,  486 

LawraDoe ;  lead-tetraotliyt,  466 

Lea  1  metlyt  nitrate,  309  ;  metliylBmine, 
318;  ethyl  nitraU,  3a0 

Lead  aoetaCe,  490 

Lead  aceU  tea,  601 

Lead  chromate  in  oombortkuu,  60 

Lead-diethyl  phosphate,  365 

Lead-dioxide,  prepantion  of,  83 

Lead^thyl  carbonate,  46S 

Lead-ethyl  chloride,  468 

Leed-ethyl  oompoonds,  467 

Lead-etfayl  cyanide,  468 

Lead-ethyl  hjidrozide,  467 

Lead«thTl  nitrate,  468 

Load-ethyl  nitrite.  S6S 

Lead-ethjl  phoaphate,  S64 

lead-ethyl  phMpbite,  363 

Lead-etbrlMla»t<>,3&6 

Lead-eUiyl  aolphate,  353 

Lead^thyl  anlphite,  468 

Le»d-«thyl  nlpbooate,  306 

Lead-ethyl  thioeyaoate,  468 

Lead  formate,  375 

Lew]  meUHate,  683 

Lead  mweaptide,  ST9 

Lead-methyl,  353 

Lead-methyl  aalphal«,  SOS 

Lrmiwrthyl*.'-'^— --  — 


Lead  eewiniiniyl,  616 

Lead  M)v,  693 

Lead-tetnetivl,  466 

Lewi  thiaootrts.  61S 

Lead-trMhyl.467 

Lead  with  ethyl  compoDnda,  466 

Lead  xauthat«,  390 

Le  Bel;    methyl   prop;^  fmihuol,  606; 

active  unyt  alcohol,  609;  netliytdi- 

ethyl  methane,  S31 
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Leblano ;  lyntheau  of  ptimtuy  nlcohols, 

ITS  ;  uelamide,  61T  i  uetouitnl,  591 ; 

BumochlonicetiD  iicid,  G33 ;    propioaio 

*aid,  556  ;  butjromtril,  fiM 
Lemeiy,  Nicolu ;  hit  Omit  de  Chymit,  6 ; 

hii  BjBteia  of  oluMfication,  it. ;  leetio 

lad,  185  ;  acetOQC^  fi63 
Lerch;  caprylio  add,   856;   caprio  add. 


Lolly;  diitiUmtion,  SflS ;  akohol,  297; 
■loahol  tait,  301;  ethyl  ether,  323; 
ethyl  oikite,  866 ;  poUusiDiii  aoatate, 
498 


190 

Liebeu ;  propertiei  of  ether,  335  ;  iubatt> 
tatiou  proilQCta  of  ether,  338 ;  dirhlal^ 
ethyl  oxide,  330 ;  ftldeh^de,  S3T ;  butyl 
■Ic^tol,  57T ;  iwbaljric  add,  608 ; 
peotoiit  Aci^  eiT;  Domul  beptoio 
•ctd,648; 

liebig ;  on  the  radicml  of  hexunio  add, 
11 ;  radical  theory,  12 ;  rroupinff  oam' 
poEuida,  13 ;  defimtioii  w  a  oompound 
radical,  14 ;  metal  in  pamxanganio  add, 
IT  ;  til  attack  on  the  French  chemirta, 
18;  theory  of  poljbaaio  »dd«,  BO; 
compoaod  ajnmoiuaa,  23 ;  onginal 
method  of  analTBiB,  48 ;  improTed,  51  ; 
relative  determination  of  nilr^en,  ST ; 
determination  ol  ■ulphoi,  78;  methyl 
aloohol,  194 ;  chlorafi>rm,254 ;  methene 
dinilphonic  add,  264 ;  formic  add,  370 ; 
etherification,  327;  mbititution  pro- 
duct! of  ether,  338 ;  rulphoTlnate  of 
wine-oil,  354;  ethyl  ph«iph(vio  add, 
364;  ethyl  hydroinlphide,  878;  aoetyl, 
475;  aldehyde,  ti. ;  metaldebyde. — 


r    fnlmi 


r  Jnlmil 
U  696; 


folminoric  add,  630 ;  chloral,  . .  .  , 
ftcetone,  609;  dichlonoetane,  6T1; 
heptdo    adds,  646;    oonnmiplaon    of 

IJetAg  and  'Wohler;  ethyl  alIopbanat«, 
373 

Llebreich ;  chloral  hydrate,  689 

Lignocerie  add,  681 

Ij^nnn,  146 

limpticht;  aldehydei,  ieO;batyTO  aoetio 
acid,66T 

linnenuuiD ;  apparatus  for  fradJonal  di»- 
tillation,  149 ;  primatT  propyl  alcohol, 
649;  propyl  alcohol,  SOO;  moDOoMor- 
acetrae,  6T0 ;  trimraiyl  earbylamioe, 
E90;  butyrio  add,  SCS;  butynmitril, 
596 

LiokiDg  of  atCHna,  113 

Ligaor  anodmia  H^mml,  or  HoSmau'a 
dropa,  324 

Liquor  IvniMm,  3S4 

Ltnig ;  ethei  ai  ao  aanatbetie  agent,  337 

Loria ;  foimunide,  37 1 

Lounn^;  nonyl  alcohol,  659 

lijwiR ;  tribrommetbane,  357  ;  ethyl  bro- 
mide, 346 ;  ethyl  formate,  375  ;  ethyl 
■olphonic  add,  394 ;  ethyl  selenidn, 
898 ;  bromal,  544 ;  tromal  hydrate,  64S 

Lowili ;  alcohol,  29T  ;  auhydrcnu  aleolu>l, 
£97 ;  acetic  add,  484 


Hacneaium-methyl,  S4S 
Hagnui'a  green  *a]^  404 

Halaguli  ;  lubstitatusi  products,  IS ;  di- 
chlorfonnic  ether,  19;  lyntheaij  of 
•gcimmrj  aleohola,  179;  aubBtitution 
prodocti  of  ether,  S3S  ;  tetrachlor-ethyl 
oiide,  340;  acetamide,  617;  aoeto- 
uitril,  521;  trichloracetic  add,  640; 
propionic  acid,  656 ;  butyronitril,  696 

Hallet ;  ethyl  telluricie,  399 

Halligand ;  ebnUioecope,  809 

Halt  vinegar,  488 

«  Uaoufactorsd  "  wine,  316 

Harcet;  methyl  alcohol,  194 

Harchand;  wine  oil,  354 

Harpric  add,  677 

Uangnac ;  dichlordinitronietluuia,  S63 

Marine  nap,  698 

HarkoWnikoff;  iaobntyiie  acid,  596; 
caproic  add,  638 

Harftdtlea  ao^,  693 

Hanh  gas,  28  et  aq, 

Mareh  gas  bydrocarbcoi,  fatty  add  Kriel 
from,  87 

Harah  eaa,  propertiea  of,  190 ;  not  pirfian- 
oua.  191 

Haraaon;  iaobutyrlc  acid,  598;  laoiio 
add,  663 

Mashing  in  manufacture  of  alcohol,  SS7 

]i£aumen6 ;  dichloracetic  add,  586 

Hecoaio  add,  molecntar  formnla  of, 
106 

Mednllic  add,  680 

Helaeni;  reverse  irabatltataona,  18;  tri- 
chloracetic add,  487 ;  glacial  acetic  add, 


Helinc  acid,  683 
Heliayl  alcohol,  688 
Helioyl  chloride,  683 
Meliisy]  hydiomilphide,  663 

of  petrol 
9  alcohol,  299; 
Dury  propyl  alcohol,  648 
Hendiiu ;  onthetic  method,  179 ;  metl 

amine,  216  i  propylamine^  563 
Henecntn ;  lead  pUater,  693 
Jfircariatii  aaitKa,  methyleae  OOctirf 

319  ;  trimethylamine  in,  321 
Mercurialiiperranii,  methylene  ooooH 


Mercuric  aoetate,  604 
Mercoric  formate,  275 
Hercorio  mercaptide,  879 
Hercnrona  aoetate,  504 
Hetouroiu  formate,  STS 
Mercury  acetamide,  618 
Meieury-am^l,  615 
Mercury  etbide,  463 
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Uercurj-eth;!  brnmiile,  4M 

Uercurj-ethjl  chloride,  461 

Mereuij-etl^l  compouiidi,  461 

MMcury-ethyl  cysaide,  48S 

Hercnij-sthjrl  h/dnuide,  4U 

Mracur7-fith;l  iodide,  4&t 

Hercnrr-elhyl  oitnte,  46S 

Uennu7-etlif  I  aulphide,  465 

Mennu7  ethyl  aDlplutf,  46!> 

Slenarj  fulminate,  526 

Itanarj  iaobntyl,  665 

Meroury-meth;!,  SSO 

MercuiT-metbjl  chloride,  251 

Henmry-inetli;!  io.lide,2ei 

Mercury-methjl  nilphate,  253 

UerciU7'ineth;l  mlpbide,  252 

HerciiJ7K>ct;1,  651 

Hertiirj  propyl,  555 

llerriU ;  mcOiyl  bromldp,  205 

UenDO  ;  niTriatic  acid,  670 

Uesityl  oxide,  972, 573 

K taitylene,  ST2 

Heso-panffliu,  ISA 

Hetaeblord,  536 

HeUlikhyde,  480 

HeUle^,  M 

Hetsilie  eompoDndi  of  methyl,  245; 
DUtneiiam  methyl.  245;  liiw-methyl 
or  tine  mcthide,  246 ;  mercury  methyl, 
250;  mercury-methyl  chloride,  251; 
mercury-mEthyl  ioiUde,  251;  merrury- 
methyl  anlphate,  252;  aluminium 
methyl,  ii.  ;  Irad-methyl,  252;  tin 
tetiamethyl,  253:  tin  dimethyl  or 
_, ... .v,j^  ^_ .  ^j,  dimethyl 


Uetamenc  bodiea,  121 

Uetamerim,  125 

Helhal,  673 

ICethane  (methyl  hydride).  190;  oV 
■errsd  by  the  ancienti,  ib. ;  jTopertiea, 
101 ;   ivepaiation,  10^  ;    ■yntheala  of, 


Uethodsc 
of. 


LuyuB,  «M  Analyaia,  methodi 


Methyl  acetato  SOT 

Hothyl  alcohol  on  oddatiaa,  12 

Methyl  Kleohol,  113,  194;  Dommercial 
prepaiatioD.  195;  pure  preparation, 
167;  propertiei  of,  198 

Methyl  allophaote,  212 

Methyl-amine,  38,  3T,  113,  SIS;  hydro- 
chlorate  of,  220;  eulphate  of,  ib.; 
nitrate  at,  ib. ;  carbonate  of,  ib. 

Jtethyl-ammODiom  carbonate.  230 

lietbyl-ammonium  chloride,  220 

]lethyl.«mmaiiium  nitrate,  220 

Uethyl-ammonium  iTilphate.  220 

Hethyl-amyl  ether.  611 

Methyl-anUuacene,  molscolar  formula 
of,  103 

Hethyl-Bnthi«ecne,  vaponr  deiuity  of,  97 

Melbylanen  diehloride,  242 

Methyl  aiMnate,  210 

Uethji,  aTMoio  aomponndi  of,  231 


Hetbylar*enitc,210 
Uethylarsenoiide.  213 
HetbylaneiuulphidH,  242 

Methylated  ipirit,  317 

Methyl  bromide,  206 

Methyl-butyl-acslio  acid.  61B 

Methyl -butyl  cartnool,  627 

MethylbutylketODe,  582 

Methyl  butyrate,  595 

Methyl  caprate,  664 

Hethyl-capryl  ether,  6GS 

Methyl  carbamine,  224 

Methyl  carhimide,  225 

Hethyl  carbooate,  212 

Methyl  chloride,  113,203 

Hethyl  cyanatc,  225 

Methyl  cyaoide,  5J1 

Hethyl,  cjaaoaen  compoondi  of,  224 

Hethyleue  diehloride,  253 

Uethyl-diethyl-acetic  add,  650 

Hethyl-dicthyl  carbiuol,  631 

Hethyl'dtethyl  methane  ud  ita  denvi 

tives,  631 
Methyl  diralphide,  215 
Methylene  di-iodide,  258 
Methyl  ether,  27 
Methyl,  ethereal  lalti  of,  20S,  ittef.;* 

Ethereal  lalti  ot  methyl 
Methyl-ethyl  acetic  acid,  182 
Uethyl-ethyl  carbino),  581 
Hethyl-ethyl-ether,  341 
Uethyl-ethyl  >u1phaaate,  396 
Methyl  Buoride,  207 
Methyl  formamide.  278 
Methyl  formate,  276 
Methyl  group,  190 
Metbyt-cuanidine,  224 
Methyl-hendecatyl  ketone,  669 
Methyl-heptdecatyl  ketone.  670 
Uethyl-beiyl4cetic  arid,  661 
Methyl-hexyl  carbinol,  651 
Hathyl-heiyl  ketone,  654 
Hethyl  hydnwnlphide,  213 
Methyl  iodide,  206 
Meth^  iaocyanate,  SSS 
Metbyl-iaopropyl  carbinol,  615 
Metbylmercaptan,2I2 
Hethyl-merc^itan-disnliibDoic  add,  365 
Uethyl-meRaptan  biaulpbonic  arid,  36! 
Methyl,  metalJie  eompounda  of,  245 
Hethyl  miutard  oil,  227 
Hethyl  nitrate,  20» 
Hethyl  nitrite,  308 
Hethyl-nonyl  carbinol,  666 
Hethyl-nonyt  ketone,  666 
Uetbyl  Dctoate.  657 
Methylorthoformate,  277 
Hethyl  oiideord>-methyletbei,pcepara 

tiun  of,  200 
H<^hyl-p«n^learlanol,  643 
Methyl  phoqihiDe,  229 
Metl^l  pboaphinic  add,  231 
Hethyl  pboapboDiiun  chloride,  381 
HeUiyl  phD^bomnm  iodide,  231 
Methyl,  phoapbonu  compoDndi  of,  SiS 
Methyl  prapionate,  SSS 
Mett^l-ptopyl-aoetie  add,  83S 
Hethyl-propyl  carbinol,  601 
Uethylprond  etbw,  851 
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Hethyl-propyl  ketone,  005,  616 
Heth;!  •eleoide,  216 
HethyUeleni-dichloride,  317 
HethvlKlsDi-iiitnte,  217 
Hethylnlenl-platinic  chloritle,  £17 
Uathyl,  Kleniam  compouadii  of,  2td 
Methyl  lelenonic  Bcid,  311 
Methyl,  nme  derintes  of,  253 ;  ue  ai 

Derintes  of  methyl 
Methyl  ■tearale,  SSO 
Methyl  mlphide,  213 
Methyl  ■nlphonio  add,  315 
Methyl  sulphonic  ehloride,  316 


1  sulpho     .    _    .     ., 

Metl^l,  >ulpharoampoimdgor,3I3 
Methyl  lalpliuria  >c'     ""' 
Methyl  telinrido,  21 


Metl^l,  tellurium  componndi  of,  SIT 
Metl»l  teUurinm  oxide,  21T 
Methyl  thioouUmide,  227 
Methyl  thioourbouate,  213 
Uethyl  tbiocyuute,  326 
Methyl-tridecKtyl  ketone,  670 
Methyl  trimethy  luce  {ate,  624 
MethyltriethylBmmaniuni  ioilide,  409 
Hethyltrietbyl     atiboniuia     carapouudi, 

447 
MflthTl-midecyl-ketoae,  669 
Methyl-onaiue,  224 
Methyl  urea,  326 
Methyl  uretbaae,  213 
Methyl  TSlenCe,  620 
Methyl  with  matiniouy,  eompoundi  ot, 

2ti 
Methyl  with  boron,  componads  of,  244 
Methyl  wilh  idlicoD,  compDimdB  of,  245 
Meyer,   C&rt ;   determiiutiou  of  Tftpoor 

density,  100 
Ueysr,  £.   voa;  ethyUmine  nJta,  405; 

ferrid  Bcetiitti,  5U6;  cjuietbiiie,  663 
Meyer,  J.  F. ;  lodium  kcetstc,  497 


M^r,  Victor  ;  determiuatioa  of  vapour 

deiuit;  (Method  No.  1),  94 ;  [Method 

No.  3)97;  Ditro-methuie,  297;  ethyl 

dicHnithioDkte,    392 ;     uitro-ethuie, 

423;    ethyl   uitrolio    acid,    438;    tin- 

diethyl,  4(S 
MilloD ;    ethyl     iiitrate,    359;     methyl 

Minderer ;  ammonium  acetate,  496 

Mineral  iiperm,  146 

Minecal  tallow,  140 ;  wax,  ib. 

Mitchell :  prapertie*  of  ether,  834 

Miticheiticb ;  «therification,  327 

Mixed  type>,28  ft  h<}. 

Miiturea,   diatillatioo    of;    Tarioni    ex- 

ampiea,  153 
Mohr  ;  wiiia  tester,  SOS 
Molecular  formuUe,  84;   determinatioD 

of,  103;   of  volatiie   bodioi,   ii,;   of         .  .. . 

acida,  105 ;  of  basea,  108 ;  of  uon-vola-      Uyrittic  add,  069 

tile  and  neutral  bodies,  109 
Molecular  weight  deterrnination,  81 
Monad  alcohol  radicals,  compounds  of, 

154;  aattire  of  alcohols,  ii.;  ethereal 

nlta  or  «mpoaad  ethers,  ib.  %  haloid      Nafhtu^  146 

ethers,  155 ;  simple  and  mixed  ethera,       IfapMha  vitrioli,  3 

156;    hydnMulphidei    and    lulphides,       Kanmann :  di>t>>rn 
.    157;    snl^hino    compounds,   168;  aul- 

phonio  amds,  tA. ;  compound  ammoniaa 


or  amine*,  159;  primary,  mmndary, 
and  tertiary  aiuiues,  160;  hydrazino 
compOQuds,  161 ;  cyanidee  of  the  ala>- 
hol  radical!,  16J;  cyanatea  and  isocy- 
auatea,  163 ;  incyanatea,  carbiunid^ 
or  carbonylaminea,  ISl;  compoond 
ureaa  or  carbamides.  ii.;  urethanesor 
carbamic  ethera,  135 ;  allophantea,  ib. ; 
compound  fuanidinea,  106;  thioey- 
aoates  and  isothiocyanates,  ib.;  oom- 
ponnd  thio-orea*,  167  ;  nitro-paraffina, 
ti. ;  phosphorus  baiei  or  phosphinea, 
168;  compounds  of  alcohol  radicala 
with  silicon,  ib. ;  compounds  of  alcdiol 
radicals  with  metals,  ii, 

Monethylarnne  compoonds,  443 

Monethyl  ether,  874 

MoDethyl  nlicic  ether,  454 

Moniodacetamide,  546 

Maniodacetic  add,  546 

Mouobasio  meliiaic  add,  molecnlar  for- 
mula of,  105 

Monobromacetic  add,  543 

MonobrDmaoetjl  bromide,  544 

Monobromaoetrl  chloride,  &44 

MDnohcDmbot^^  add,  597 

MoaobniiDiiitooetbane,  435 

Monobrocnnitrotnethsiie,  363 

MunobTDmnttimcopane,  553 

Honoabloracetaldebyde,  533 

Mouodtloracrtamide,  635 

Hoaochioraoetic  add,  116,  633 

Blauoch  loraoetone,  670 

Honochloracetyl  bromide,  63fl 

Honochlonce^l  chloiidc,  116,  535 

Mooochloracetyl  phosphamide,  536 


□noiodoacetooe,  570 
Monomethyl     arsine    compounds,    342; 
metbylaiaen-dichloride,    ib. ;    meth^- 
arseu-oxide,  ib. ;  methylaraea-flulphide, 

MoDomethylaraenic  acid,  343 
Monomethyl  borate,  211 
MoDomethyl  phosphioe,  239 
Mortimer ;  receipt  for  ether,  334 
Morton  and  Jackson ;  inhaladon  of  ether. 


337 

"'  ttled 

iller;      ^ 

ethyl  tdsulphide,  3S6  ;  potasdun 

tate,  4W ;  monochloracetio  add,  633 ; 

dicliloracetic  acid,  536 
Muspntt ;    maoufactore      of     Brtifldal 

soda,  691 
Mustard  oils,  167,  GSO 
Mjrieyl,  882 
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NeiMiD;  i1l»tiU>tion  ol  CMtoc-«il  aaap. 


1,10 

fiitro-acehnitril,  SS4 

NtiabuUiie,  teeond<i7,  SS8 

Nitnt-coEi^und*  of  etbjl,  423 ;  iiitn»> 
eUuine,  it. ;  nxliumaitnieUiuie.  424 ; 
mooDbroomittoethuie,  43S:  dibtoDi- 
oiboethaikat  436;  diuitnwUiu^  ii.; 
tsomdinitniethane,  438 ;  ethyl  uitrolio 
acid,  tt.;  diailTMtltrUc  •cid,430;  ii- 
aioethoiaae,  431 

Nitoo-oompoaadi  of  itoftaml,  B66 

Nitr»«onpoiiiuls  of  meth<rl,  237  ;  nitoo- 

Nitro^ampouniU  of  primuj  butfli  SW 

Nitro-mnpouDdi  oC  pcopf  1,553 

Nitnwlbuie,  433 

NitrofanD,  263 

Nitn««ibMes,830 

>ntrogco  buea  of  etbrl,  401 

Nitco^vD  bwM  of  metbjl,  21S ;  metbyl- 
■nune,  it.;  dimethjUmiDe,  230;  tii- 
metb^bauDe,    331 ;     letnmotlijUii]- 


Nitntgm  eonpoaodi  ot  m 


wetjl,  61T 
n  of,  04;  Will 
and  VBiTtDtnpii'a  method,  OS ;  Liebig'a 
nlfttJTe  lii«thod,67i  Bunaen'a reUtiTe 
method,  68 ;  Daroai'a  abacduta  mathod, 
T0;lUx«e11  SimpaoD'a  method,  71; 
Pflliger'a  method,  TS 

NitTDgenoaa  anhatuieea 
58 

Nitro-iaobiitaue,  58G 

NitroliB  acidi,  ITS 

Kitco-DMthuK,  23T 


Nitroao-eoetoae.  5T3 

NitRNU-oiide-pebcgonio  acid,  601 

Ndlloer;  propfonu  acid,  550 

NoBane,058 

Nondecfttoic  acid,  080 

Nouoic  acida,  6S9 

NoooJo  ulif dride,  061 

NoD-utunted  aompooDda,  fonnalB  of. 


IIT 


Normal  etttyl  anlphata,  363 ;  Uftor  awl 

pcopertiei,  354,  3U 
Noimal  hecdeeatane  or  di-oetjl,  671 
Konnal  heptane  and  ita  dctintina,  OSS 
Normal  heptoie  acid,  648 
Uoflual  b^ue  and  iia  dointiTaa,  62S 
Normal  metbjl  au]pbal«,  308 
Normal  metbj'l  aulnhite,  307 
Hi»in>l  Moane,  656 
Normal  dodoo  acid,  060 
Normal  oebdc  addi,  6JS6 
Norma]  oetyl  eompoiuuli,  690 
Normal  panSu,  135 
Normal  pentaae  and  ita  darJTatiTeii,  003 
Normal  primary  pst^l  a^sobol,  OCS 
Nndena  Uwotj,  16 


S6;    ahi' 


Octjl 

Octjl 

Octjl  octoata,  657 

Octjlphoqihina,  051 

Oc^l  anlphido,  651 

Oetrl  valente.  eSl 

Odljiu; 

(EiuuitlialdcbTdu,  047 

(Enantbic  add,  64T 

CEoaDtbol,  04T 

CBnuthuim,  OOe 

(Eoanthylio  add,  047,648 

(Kiauthyloui  acid,  047 

Oil,  141;  early  nae  of,  149;  variou* 
apringa,  143;  manof acture  in  Bogkiid, 
it.;  American  weUa,  144;  y*^  of 
Feoniyltaiuaii  well*,  it. 

(Ml-gaa,  130 

Oil  of  Toaea,  paraflD  fram,  140 

Oil  of  tarpoitiiw,  3* 

Oil-tMtoralDobol,S01 

Olire  oil  aoap,  663 


formnlie 


NoD-Tolatile  bodiei,  n 

ot,ioa 

Nonyl  aloohola,  669 

Nooyi  ponp,  058 

Normal    butana    and    ita  derivatiTea, 

B77 
Normal  IratyraldebTde.BSO 
Nomul  batyrio  add,  GBl 
Normal  copper  acetate,  602 
Norma]  decatone,  063 
Normal  dodecatane,  607 
Normal  ethyl  carbooatB,  300 
Normal  ethyl  pboaplute,  S65 
Normal  ethyl  pho^hite,  862 


O^uiic  chemiftry,  drfnitlon  of,  adopted, 

36 
Orthoallioo-acetie  arid,  455 
Orthoailioo-propioaie  etha,  464 
OaaokiD;  methjl-ethyl  eatbinal,  581 
Otto;    determmatioa    of   nilpliiir,    78; 

pmpteoic  add,  558 
Otto  at  roaea,  dinoTKy  of,  671 
-    '  i7iiitioadd,06e 
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OiidatI«i  of  alooboli,  13 

OiidktiaD  ot  tertiary  ■kobob,  187 

Oiidn  of  Bcetjl,  GOB 

Oijgen,  combustion  in  ■  cumn(  of,  I 

O^^eo,  det«rmliu>tion  of,  80 

OKik«rika,140 


P. 

FaUiBOtl  hydride,  658 
Fklm  oil  soap,  S03 
Palmita1deh;dc,  STS 
Palmitic  *dd,  6TS 
PalmitoQs,  616 
J-oiueta  viirioli,  334 
PsjHii ;  ethjl  nitrite,  850 
Puuel>ii*i  ether,  SSU 
FumfSni;  in   cold  and    heat,    133;   m 
gmierio  term,  ii,;  propertiee  of,  1S4; 
oooititutjon  of,  13G  ;  the  normsl,  ii. ; 
the   MO-pUBffia>,  i). ;    meK-puaffiui, 
136 ;  neo-panfflai.  ib, ;  prepuBtlai  of, 
a. ;  famutioD  of,  139  ;  oamrrenca  of, 
140 ;  application  of.  ih. ;  and  petroleum 
oil  manuracturc,  143;   preparation  of 
the  nonnkl  from  petroleum,  146 
Paraffin  hjdmcarboiu,    130;    mdlecalar 

fonnuln  of,  ib, 
ParaformaJdehvde,  36T 
Pan)debTde,4I» 
PH*thUJdnh;de,481 
a>Paiktfaltf  debTde,  483. 
iS-Panthialdehirde,  483. 
PaiathiotoRD*tileh*de,  368 
Pasteur ;  alcoholic  fermentation  of  mgar, 
S8S :  amjl  alooholi,  607 :  active  am?! 
alwdwl,  609 
FaitauKa  tataa,  alcobid  from,  397 
Peat  bog  Mboieam,  144 
Pebal ;  aina  etMde,  4S7 
Pedier ;  amjl  aleoboii,  60i 

aloohokeW 
PelargoDW  add,  660 
Pdligot;  wood-apirit  and 

methyl  aoeUte,  S07 
Pelome;   American    petiolenm    hydro- 
earljODa,  133 ;  ethyl  phosphorio  acid, 
364;   propionitril.  660;  butyric  acid, 
691;    heiana,    625;     primarr    be«l 
alcohol,    626;    heptjl    hydride,   639; 
beptoio  acids,  646 ;  uoiuuie,  698 
Pmnsjlyania  petroleum,  140, 143 
Pentauiloneetoiie,  9T2 
Fentachlor-ethyl  oxide,  340 
Peotadeeabne  acid,  670 
Pentadecatjl  group,  6T0 
Pentadoca^l^nethjl  ketone,  677 
Pentrmethjianiiie,  387 
Peotamethrl-butaoe,  6fi9 
Featameth;l«thyl  chloride,  646 
FeDtamethyl-etbyl  iodide,  640 
l>entane,a03 

PentoiD  or  n\eAe  adda,  617 
Pentyl  acetate,  604 
PentTticadd,  182 
Pentjl  alcohols,  133,  603 
Peotyl  bromide,  604 
Fwtyl  cUor)de,604 


Ferchlomoetia  ether,  S09 

Perchorethyl  cUortormate,  3T6 

PerchliviDated  ether,  341 

Perchlormethytfoimate,  377 

Perchlontaethylinercaptan,  365 

Ferfcin ;  dicmornietbane,  354 ;  mooD- 
bromaoetie  acid,  S43;  dibromacetie 
acid,  644;  moniodacelM  add,  M6; 
diiodacetio  odd,  547 

Pcnonne;  ethyl  bromide,  346;  ethyl 
iodide,  347 

Perioi ;  eth;l  nitrate,  360 

Petroleum,  133 

Petroleum  (oleam  petm]  ocemrence  of, 
143  :  origin  of,  148 ;  manufactore  in 
Sngiand,  j^. ;  American  oil  wells,  144  ; 
preparataon  of  normal  parafflna  from, 
146 

Petroleum  amtains  poraiBn,  140 

Fetroleum-siBrit,  146 

PflUger ;  determinatioti  of  nitrogen,  T5 

Fhonme,  673,673 

PhoiT^tea  of  ethyl,  363;  ethyl  phof- 
pbtRic  add,  S04 ;  barium  ethyl  phoi- 
phale,  3i.;  lead  ethTl  phosphate,  ib.; 
arsenic  ethyl  plioaphate,  ib. ;  chloride 
of  ethyl  phosphoric  acid,  tft. ;  diethyl 
phoqiboric  add,  385;  lead  diethyl 
phoqiliate,  tt. :  chloride  of  diett^l 
pboaphoric  acid,  Si.;  normal  ethyl 
pho^hate,  ib.;  ethyl  pyrophoiphatc^ 


buiiun  ethyl,  lead  ethyl,  normal  ethyl, 
363;  chlonde  of  ethyl  phosphorooi 
add,  863;  add  ethyl  pyrophoaphlte, 


Fboipbite  of  methyl,  310 
ibol,  igfi;       PhotphoTus  bases  of  ethyl,  431 

Pboaphoma  bases,  or  phoiphlnea,  108 
n  hvdro-  Phospiioms  compo(|nds  of  methyl,  SSS ; 
methyl  pbospmne,  iA.;  methyl  pho^ 
phoQtum  ohloride,  231;  methyl  phew- 
phoninm  iodide,  ti. ;  methyl  phosphioia 
add,  (6. ;  dimetbylphoimhiDe,  A. ;  tri- 
methyl  pboe^iM,  233;   tetramethyl 

Sioephoninm  iodide,  233 ;  tetiametl^I 
pfaoiphide,  334 
Pboephorus,  determination  of,  79 
Phynool  iiomerism,  126 
Phynological  action  of  alcohol,  31S 
Pierre  and  Puchot;  distillatian  of  niz- 

turea,  163 
Pirare ;  methyl  Isvmide,  205 
IHuocotiQe,  633 
Pinocolyl  aoelate,  633 
I^uaoolyl  alcohol,  633 
Pinocolyl  bromide,  638 
Pinacolyl  chloride,  633 
I^nnei :  propyl  alcohol,  549 
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Hilt;  iJdehrdM,  180 
KMupbaltum,  uied  for  embiliniDgi  142 
TUloniia ;  still,  390,  381,  293 
PlatodiethyluDiDDoiiuii  pUtisochloride, 


by,  143;  mjrutiB 
Tie— ;  pdargomi:  (fid,  ( . . 
Plmy ;  UM  of  rock-oil   for  itlurniDatiiig 


502 ;  «o*p  firrt  mentioned  by,  I 
P'.at«i;h  ;  burning  oil  at  Erbatuui,  113 
PlQcker  ;  *[aric  indiator,  311,  313 
Fohl ;  ebuilioiHipe.  300,  311 
Pi^buie  acida,  30 ;  Liebig's  theory  of, 

Potymerio  compomidi,  131 
Pidjrmerinn,  126 
PolymeriXBtioD  of  aldehyde,  479 
Polynlent  todiols,  27 
Fortabla  Oai  Campuiy,  130 
Fowdar-tett  of  ■Icohol,  301 
'   inaooUte,495.4»S 
n  diaoettte,  40T 
Potaniiun  diaioethMM  sulpbate,  411 
Potauium  etbyl  liydmine  lulphoData, 

Potasiiiim  ethyl  phmphite,  363 
Potanium  ethylato,  322 
Potajdom  ethyl  leleiute,  3S6 
"  '  -  'methyl  •uIphat«,3S2 
m  ethyl  nilphite,  349 

_  ._ n  etlvl  aalphoDate,  395 

Ffrtawfiim  totmate,  374 

Fotaanum  Dnliwate,  683 
Potajiium  mereikptide,  379 
Potajnuu  mettune  tnaulphooate,  265 
Potaanom  methyl  aulphi^  SOS 
Potairium  methyl  nilphanate,  215 
Pntaitium  monoobloneetate,  634 
Potaaaium  nlvtr  fulminate,  S39 


potaaainm 

Potaaainm  trichloraoetate,  543 

Potuaum  lanthate,  389 

Pott;  ethyl  chloride,  MS 
PrieaUey  ;  acetic  acid,  4gS 
Frimuy  butyl  alcohol,  5T8 
primary  butyl  conipaiuiilii.  678 
Primaiy  heptyl  alcohol,  041 
Primary  heiyl  alcohol,  636 
Primaiy  isobutyl  compoimda,  563 
Primary  isoctyl  alcohol,  S55 
Primary  inheptyl  alcohol,  643 
Primary  iaoheiyl  alcohol.  630 
Primary  nitropropane,  fi53 
Pnitiuy  octyl  alcohol,  660 
Prinury  propyl  alcohol,  543 
Propane,  S48 
ProiHOaamide,  569 
Propionatea,  658 
Prt^iione,  606 
Piopoidc  add,  566 


Propionic  aldehyde,  556 

Propionic  anhydride,  569 

Proplouibil  and  ita  derivativea,  600 

Propioiiyl  bromide,  5S0 

Propioujl  chloride,  559 

Propioayl  oompouiida,  559 

Prc^ionyl  iodide,  559 

Ptoptonyl  oiide,  569 

Propyl  acetate,  553 

Propyl  akohol,  primaty,  548 ;  ncoodaiy. 

Propyl  alcohola,  122 

Propyl  allopbanate,  553 

Propylamine,  652 

Propyl  borate,  651 

Propyl  bromide,  561 

Propyl  butyrate,  595 

Propyl  oarbamine,  653 

Propyl  carbooate,  552 

Propyl  ohloride,  661 

Propyl  cUorocaiiionate,  562 

PropyJ-ethyl-methyl  carbinol,  9*5 

Propyl  formate,  55:2 

Propyl  group,  543 

Propyl  hydRjaulphide,  653 

Propyl  iodiJe,  551 

Propyl  nitrite,  551 

Propyl,  nitTO-compoondii  irf,  653 

Propyl  n^trolic  acid,  554 

Propyl  onhoformate,  553 

Propyl  oxide,  551 

Propyl  proponste,  559 

Fropylpaeodonitn^  566 

Propyl  aUeate,  553 

Pn^l  aulphide,  553 

Propyl  tliiocyaiiBt«,  553 

Paeudouitropropaiie,  666 

PuUetan;  arnyl  alcohola,  606 

Puigold  ;  etbyl  idilaniilpfaooate,  356 


KiBiTTUU ;  "  faiuta  "  from  potato  siiiit, 

ntaining  oxygi 

ad  hydride§,  I. 
Badicala,  diTinon  of,  fay  Benelhu,  IS 
Kadicala,  iioUtion  of  the.  10 
Bathke;    ethyl    diaeloiidB,    309 ;    ethyl 

aelenide,  398 
Bay ;  formic  acid,  369 
Beaction  of  acetic  add  and  its  lalta,  506 
Bt  of  the  aocienta,  3 
es  of  apocifie  gravity  of 


n  roMiiiH,  659 
1  spirit,  389 
Bedtenbacher ;      inbot^c    acid,    509; 
Jargonic  acid,  660 

uolt ;  Tinyi  chloride  13  ;  chtorofonn, 
.  J  Bufaatitution  products,  15 ;  tension 
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of  mercDtT  vapour,  91  j  meth;!  inl- 
pliide,213;  dlchioiinettuiiie, S53 ;  chlo- 
rofonn,  2M,  355 ;  tetniehloTiuetluuie, 
2ST  i  Babstitution  pcoducta  o[  ether, 

338;     ethfl    memptui,    318  i     etbji 
lolpblde,  380  ;  chloral,  537 
Bddbenbach ;  oyBtBlliue  solid*  is  wood- 
tar,  133 :  panffln,  ib. ;  eulnoo,  139 


inn, ISl 

Betort,  ioTPntiaii  of  by  the  Arsbiuu,  283 
Bereree  nibsbitutioiu,  18 
£ic^Bpirit)  J&pume  plan  of  prepmring. 


Richtei ;  uihTdrDiu  ulcohol,  3BT 

Bieth ;  ethyl  iodide,  34T ;  nnc  etliide,  457 

Bhi^leite,  I4e 

Bobiquet ;   hydrocUorio   ether  a   com- 

poimd  of  hydrochloric  »cid  vrith  ole- 

Buit  gaa,  10  ;  ethyl  chloride,  343 
Bonuuis,  aoftp  lued  by  the,  630 
Biimer ;  propyl  hydro»ulphide,  552 ;  tetrm- 

proivlamnioniaiii  iodide,  553 
BoDUdi  1  fropaoe,  548 
Boscoe;  leu)  tetimethyl,  469 
Kose-oil,  679 

Bote  ;  sulphuric  ether,  336 
Boni;  propyl aloobol,S50;  bntylaleohd, 

G7T  ;  woSutyrk  acid,  599 ;  peDtoieuid, 

61T ;  cmftojl  ■loohol,  630 
Bonnlle ;  OT^uk  reKuchea,  6 
Bnaell ;  dsfarmliutioo  of  lulphar,  18 


Su-Ti  eonCBiaiDg  campoimd  radicals,  31 

Salti,  ethereal,  175 

Saita  of  the  oiyacids,  SO 

BaHa  and  ethm  of  aoetlc  acid,  4M 

Sm^ucui  nigra,  valeric  acid  iu,  613 

Smimiiu  tapmiaria  (■oap-uat  tree),  add 
loond  Id,  269 

Baumire'i  method  of  analysia,  48 ;  analy- 
■is  of  ether,  336 ;  acetic  acid  4M 

Bavalle ;  appacatua  for  detennioatim  o( 
alcohol  in  beers  and  nines,  309 

BftToaarola ;  alcohol  test,  SOI 

Saytseff;  propvl  alcohol,  550;  methyl- 
ethyl  earbinol,  581 ;  diethylacetio  acid, 
837 

Schafarik;  alumiuiniD-etliyl,  465 

Bchtiffer;  isomal,  544 ;  tribromacetic  acid 
Baltg,545 

Bcheele  |  orgame  reaearcbes,  6  ■,  discoren 
Important  vegetable  adds,  to.  ;  fbrmia 
Bdd,STO;  ethyl  fluoride,  343;  oxide  of 
maaffanese,  473;  acetie  ether,  507; 
amy!  alcohols,  606 

Schenrei^Kester ;  acetic  acid  doable  salts. 


Bchmitt  and  Glutij    ethyl  dithioiycar- 

bonate,  393 
SohoTlemmei ;  action  of  chlorina  upon 


ethyl-amyl  and  di-amyl,  132;  methyl 
identical  with  hydride  of  ethyl,  ib. ; 
caonel  coal  hydrcoarboua,  ii. ;  ethane, 
£81 ;  propane,  548 ;  primary  propyl 
alcohol,  M9 ;  pentane,  603 ;  heiane, 
626;  primary heiylalcohol,  ib.;  tetra- 
methyl  ethane  (di-isopropyl),  631; 
heptane,  639 ;  heptjl  alcohol,  641 

Schiiyen;  di-etbyl  converted  by  chlorine 
into  botyl  chloride,  132;  batane,  ^11 

Schiick;  ail-t«8tof  alcohol, 301 

Schutaenbach  ;  quick  vinegar,  488 

SchiitunbereBr:  ethane,  3S1 :  acetio  acid, 
613 

Sohwaier;  ethyl  trithlocarbonate,  388 

Secondary  amy  I  bromide,  616 

Secondary  amyl  chloride.  616 

Secondaiy  amyt  iodide,  616 

Secondary  Inityl  compounds,  681 

Secondary  butyl  iodide,  583 

Beoondary  butyl  oxide,  663 

-  '--r  butyl  thiocarbimide,  583 
y  heiyl  iodide,  627 

Secondary  iaoheptyl  alcohol,  643,  655 

Secondary  nitropropane,  566 

Seeondaiy  octylalcohol,  651 

Secondary  propyl  aleohol,  563 


.  meChyl-selenoDic , ._. 

Scrtilroer;  ctherification,  328;  soluho- 
Tinic  add,  350 

Serullas;  tri-iodomethane,  259;  ethyl 
bromide,  316;  ethyl  iodide,  ib.;  ethyl 
sulphuric  acid,  3o[);  wine-oil,  354 

Sesquibasic  copper  acetate,  503 


Sigel ;  heptaldehyilc 
Sillieniuum  ;  dilatomeier,  oil 
Silicate  soap,  603 
Silico-acetic  anhydride,  613 
Silicoheptane,  461 
Silicoh^yl  alcohol,  453 
Silicoheptyl  bromide,  464 
Silicoheptyl  chloride,  453 


I  add,  455 
Silicon  acetate,  512 
SUicoD  oompounda  of  etbyl,  460 
^licon-diethyl  oompooDds,  454 
fiilieoD  diethyl-ethet,454 
ffilicon  ethyl,  461 
Silicon  beiethyl,  461 
Silicon-methyl,  246 
d:i: .L_.,  — ipounds,4M 

methyl -bulaoe, 
Bilrei  acetate,  504 
Silver  acetamide.  516 
Silver  butyrate, 596 
Silver  ethyl  sulphate,  853 
Silver  etbyl  sulphonate,  396 
Silver  formate,  276 
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Silver  fulminmle,  635,  531 

aUmi  fulmuunte,  Kit 

Klverinbutrnta,  599,  SSI 

KItct  mercaptide,  3;9 

K)rcrdietli7l*ulphoiiatc,21S 

KItbt  monochlonratste,  53S 

Bilrer  pnipiaiuitc,  S58 

Silver  ttimattirbfetate,  83* 

SilTBi  nlente,  630 

Klveitii :  petnileam  In  lavu  of  Etna, 
143 

Kmpaon  ;  detctmiiutica  of  zubogto,  71 ; 
uuBithetiii  properliei  of  chlinoform, 
2SS  ;  iahmlatiou  of  etber,  33T 

flmitli,  lAWrence  ;  g»  ipiinfi,  IIS 

Smith;  ethyl  Ritrkle,  300 

Soap,  muiiiEBctiira  of,  kuDwn  in  eftri; 


J 

rt. ;  CheTreal'*  diKoTEry  of  daoompo- 
nboa  of  fat*,  it. ;  Lebliuc'i  dicover;  of 
prntaration  of  soda,  ib. ;  &te  and  oili 
used   in  mannfiicture,  ib. ;  Uebig   m 

Snntity  coMumBd,  880;  propertiMi, 
. ;  nunufacture.  flOl ;  tallow  cui^ 
mottled,  olive  oil,  Handlle^VeDetiio, 
palm  ml,  cocoa^ut-oll,  002 :  rain,  xili- 
catc,  eoCt,  lead,  ess :  an  medidnr,  SM  1 
composition  of  vuioni,  ib, ; 
of  Britiih,  ib. 

Sodiom  icctate,  401 

Sodium  diacetatf ,  496 

Sodimn  ethide,  462 

Sodinm  eUi^late,  323 

Sodium  etbjl  inipbate,  353 

Sodium  ethyl  lulphomUe,  396 

Sodinm  tormnte,  ST4 

Sodium  nitroethane,  424 

Sodinm  rtearale,  679 

Sodinm  triacetate,  408 

Softaoap^SSS 


Stuiin,S4 

Bteineri    fulmiDal«,      6S9;     foh 

acid,  530 ;  nitro-acelonitril,  533 
Stenhouae;     Iricblamitrumetkuuie,   301; 

bromopicrin,  363 
Btethal,  673 
Stewart;  baliacpalnt  at  metiivl  ako> 

bol,I98 
Stibeth  jl,  443 
Stilly  med  in  the  iment  d*y,  3SB;  Fi>- 

tonu'i,  S90,  303  ;  Caff•7'^  £S1,  2SS ; 

French  oolumn  apnistuo,  305 
Stinginc  netUet,  xhI  found  in,  360 
Stieekcr ;  methyl  nibrite,  S08  ;  mercory 

ethyl  iodide,  464 ;  diacetamide,  619 ; 

pio[Hanio      aoid,    556;    methyl-Donjl 

ketone,  666 
Btiib«r ;  BitramathaDrB,  237 ;  nhmaHiatM, 

433 
Snbelitnted  pnpioaia  acida,  560 
Subatitution  product*  of  acetic  add,  633 
Subititutioo  produela  o(    butyric  acid, 

596 
Bubatitnlson  pnjducta  of  jaobuiyriG  add, 

aoo 

SubatitntioD  pcodoct*  of  the  fatty  acid*, 

178 
Subatltntion*,  theory  of,  15 
Sugar,  cane,  Erapr,  and  fruit, ; 

eompontion  of,  110 
Sugar,    compoaitiini    of,     45;     LieUg*i 

aoalrae*  ol,  63 
Sugar  in  prepanUoa  of  aloobol,  386,  3S3 
Bunrof  leMi,600 
Sulphate  ot  methyUmlne,  220 
Sulphide*  or  thio-etben.  15S 
Sulphine  eomponnda,  158 
SulphiiiB    eompoondi,    conititntion    of. 


SoWeat,  alcohol  as  a,  316 
Solvent  power  of  vinegar.  4S3 
Sommenoe;  aqueous  alcohol,  300 
Soubeinm  ;  ether  Uchlorique,  2S4 
Bpermaceti,  673 

Spirit  of  wine,  dinoovery  of,  383 
Spirit  rectification  of.  £89 
^'n'lui  ^kmu  nitrvn,  359 
SniHtai  nut,  2S5 
n»>,  SB5 


mebhyl-heiyl  ketone,  851 
Stahl ;  organic  reaearchea,  5  ;  acetic  add, 

483 ;  acetone,  586 
Standard  kerosene,  146 
Stannic  ethide,  489 
StanuDBo-stannii:  ethide,  460 
Stanno-tetmmethvl,  253 
Btuiiioua  ethide,  472 
Stan;    ethyhimina    hydioehloride,    403; 

amyl  alcohol*,  607 
Statistjn  of  Britiih  •oap,  804 
Stearaldehvde.  678 
Bteado  add,  678 


BulphiU' 

■nponndaof  acet^,  515 

Sulphur  compouDtlsof  hotjl,58Q 

Balphnr  oompound*  of  ethyl,  378  H  ttn. 

Sulphur    compound*    of    methyl,   213 1 

methyl  hydr«iilphLde  or  methyl  mer- 

captui,  a.;  methyl  nilphide,  213;  dl- 

methyl  sulphiae  compinmdii,  S>.;  tri- 

metfayl    iiilphins    compoondih    314; 

methyl  diiQlphide,  316;  methyl  lul- 

phonic    4dd,    <h. ;    potaoriom    mothtl 

■ulpbonate,   i6. ;    barinm  methyl  nu- 

phonate.  216 ;  lead  methyl  ■ulphcmle, 

li. ;    dlrrr   methyl    >u]phoDate,   A. ; 

methyl  lulphomie  rhtoride,  ib. 

Sulphur  compound*  ot  ■econdaiy  butyl, 

SnljAuT,  determination  of,  IS 

Sulphur,  determination  of:  method*  of 

Kolbe,  Debu*,  Otto,  Bumll,  Cmiiam, 

79 
Sulphur  ipringa,  manh  gas  from,  WSL 
SyntheM*  of  methane,  193 
Synthesis  of  the  [vimary  alcohols  and 

the    fatty    addl^    179 ;    IJoboi    and 

Roeirs  method,  ISO;  Fiaokland  and 

Dnppa's  method,  ib. 
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Tablbi  for  ralciilatiDg  the  true  pmeent- 
ue  o[  klujhol  in  tmj  ipirit  kt  any 

giTcii  tempentuie,SM,30I 
Twheniua;  ammomnm  acetate,  498 
Talloir  ctinl  nan  W2 
Tamaiinda,  add  foimd  io,  Sa9 
Taont;  properties  of  etlier,  331 
Taylor  ;  pyrolifoeou*  ether,  194 
TeUnrium  comuoondi  of  methyl,  SIT; 

methyl  tellunde,  U.;  methyl  t«llaiium 

TeUDrinm  and  ethyl  compooDilB,  399 
Temperature  at  body  aSected  hy  alcohol, 

S15 
Tertiary  amy!  awtate,  01T 
Tertiary  amylamine,  61 T 
Tertiary  amyt  bromide,  617 
Tertiary  amy!  chloride,  BIT 
Tertiary  wnyl  iodide,  61T 
Tertiary  ba^buniDe,  090 
Tertiary  butyl  chlonde,  56B 
Tertiary  bn^l  compounds,  686 
l^rtUry  DitrobntaDe,  fiS9 
Tertiary  octyl  com^tmda,  65S 
Tertiary  Talerio  acid  or  trimethylacetic 

arid,  623 
Tetrabcommethaiie     or     carbon    tetra- 

broniide,2S8 
TetrachloraeetoDe,  571 
Tetraohlcr-ethvl  oxide,  340 
Tatowihloimethane,  SST 


mom  iodide,  4)8;  bA- 


I,  Thomaa;    ipeci&o  gnnty  of 


TetraethylBmm<it..  . 
lUraethyUmmonitu 

iodide,  409 
TetraethylanunomDm      riatinichloride, 

409 
Tetraethylinoniam  compomidB,  441 
Tetr«etiiylarw>ninm  hydroxide,  442 
Telzaetiiyl  earbanude,  430 
TetneUiyl[dKMphoiuDm  compoimdi,  439 
TatraetliTl^Hi^bonium  iodide,  439 
TetrMtbylitibaniam  chloride,  446 
TetnethjIrtibMiiam  eompoimds,  446 
Tetraetfaylatibouium  hydraaalphide,  447 
TetraethylatiboDium  hydroxide,  446 
TetraethylctiboDinm  iodide,  447 
Tetraethyl-tetraioDB,  413 
Tebk-iodomethane,  S61 
Tetra-isopTopylpboRphonium  iodide.  SflS 
TetrBmettijMnmoniiiDi  oompouiidB,223; 

methyl-goaoidiike,  224 
TetrametbylarKoium  eompomida,  236 
Tctramethyl  botaoe  and  iti  derivativeB, 


Tetnwe,  S77 

TetruitiomEthaiie,  264 

TetnpiopylammeaiiUD  iodide,  S53 

Tetzaionea,  162 

ThalliiuD-dietbyl  chloride,  473 

ThalHum-diethyl  compound!,  4T3 

Thiilium-diethyl  hydroxide,  473 

Thallium  ethylate,  323 

Thinard'a  method  of  aaalyaia,  43 

Tbenard;  phoaphoma  oompounda  of 
methyl,  S2B ;  arsenical  methyl  com- 
paunda,  234 :  propertiea  of  ether,  it. 

Theobromio  acad,  6^ 

TheophraatuH ;  copper  acetate,  502 

Thaoriea  of  Ty|«s  and  Kadiwla,  23 

Theory  of  aalititotions,  16 

Tbiacetio  acid,  SIS 

Thiacetic  anhydride,  616 

Thio-addi,  176 

^^taio-anhydridea  or  iDlphidea  of  the  acid 
radicall,  1T6 

Thiobutytic  acid,  S96 

Thiocarbonatet  o[  ethyl,  893 

Thiocyanatea,  166 

Tbio- 

Thon 

Thorpe,  diitillation  of  lolid  paraffiu, 
13T;  uormal  heptane  in  Califomiiui 
pine,  140 1  diatillation  of  miitunu, 
153 ;  niffmal  dscatane.  662 

Tielebein ;  nitric  etber,  35T 

Tilley  ;  normal  bepttnc  add,  S4S 

mn-iUetby)  chloride,  4T2 

IHa-diethyl  compounda,  4T3 

Tin-diethyl  iodide,  473 

3lD-diethytiiitnte,4T3 

Ttn-diethyl  iidphate,  472 

Tiu-dietbyl  aulpbide,  473 

Tin  dimethyl,  253 

Tin  dimethyl  iodide,  253 

Tin  propyl  compound!,  555 

lin-tetraethyl,  469 

Tin  tetrsmethyl,  253 

Tin-tetramyl,  616 

Tin-tetrapropyl.  665 

Tiu-trietbyl,  469 

Tiu-trietbyl-ammoQium-iodide,  471 

Tlu-tristhyl  bromide,  4T0 

Tin-triethyl  compound!,  470 

Tin-triethyl  chloride,  470 

Tin-briethyl  cyaoate,  471 

Tin-triethyl  cyanide,  4T1 


Tin-triethyl  ethyl  aulphonab 
Tjn-triethy]  hy^vaulphidf!,  4 


,471 


■1  hydro 


e,4J0 


thyl-pentanp^ 
.thylphoal^L 


Tin-triethyl  iodide,  4T0 
Tin-triethyl  nitrate,  471 
TiD-trietbyl  aulpbate,  471 
Tin-triethyl  thiocyanata,  471 
Tin  with  ethyl,  compounds  of,  4tt» 
TtnctuTaftrri  actlatii,  506 
Tituaville  oil  well!,  144 
Triacstamide,  619 
Ttiaeetonalkamine,  575 
Triacetonamine.  571 
B-Triamylamine,  609 
IViamylamme,  614 
IViamyl^iphme,  014 
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TribsBc  lewl  iteetato,  SOI 
Tr.be  ;  zinc  nieth;],  240,  480 
Tribnimscet«ldeliydG,  Ml 
Tribromacetiuiude,  64fi 
Tribnmkeetic  >cid,  645 
Tribiomacet  jl  bromide,  645 
I'hbiDniiaetluue,  25T 
TrihromaitnitiiethuiB,  263 
TricetyluDiue,  ST5 
THchlontcetaldehyde  or  cblonl,  53T 
IVichloncetuuide,  643 
IVichloneetio  add,  IS 
Triehloneetie  Kid,  640 
TrichloniMtic  uifaTdidp,  643 


TricblonieetopliDaphuiiidi 
Tnchloncetyl  chloride.  6 


■.n 


.    .        i     jiroperUe*,     255; 

pore    ud  oomnwrcuJ,  £50 ;    dccom- 

TnchlornitramFtluae,  261 
Tridentoiit  aeid,  669 
TridBo»tvl  group,  668 
Tridecylic  icid,  669 
TrietbyUraiue,  40T 
TrietbyUmine  liTdrobromide,  40T 
Trietbf  luniue  bydrocbloiide,  4UT 
TrietbfUmiDe  mtnte,  403 
TriethyUmi&e  gulphmte,  407 
Trietb  alanine,  440 
Triethflusioe  bromide.  440 
TriethyUrnDe  lodiile.  441 
TriethyUrsinB  oiidp  410 
Triethjlartme  nilphidu.  Ill 
Triethyl •ionium  indidc',  413 
Triethylbismiithinc,  447 
Trirthylhorine,  448 
Triethyl  arbinol,  644 
Trietbyl  cirlamide,  420 
Triethyl  methuie  Mid  ita  derivatives,  S44 
Trielhylphoapbiae,  433 
Triethylpbosphioe  urlionyl  nulpbiJc,  43T 
TiiethylpliOMphine  oxiJp,  436 
Trietliylpboaphiae  oiido  copper  iiilpbate, 

436 
Triethylpboaphine  oiide  platiuic  chloride, 


nide  line  iodide,  4 


TriethylphoapUn 

TriethylphoaphiDe  KleoidG,  43T 

TriethylpboaphiDe  aalpbide,  437 

Triethyl  Hleniodide,  399 

TripthylBlieo-chlororormate,  454 

Tritheylslicol,  463 

TriethylsHico-methane.  451 

Triethyliilicon  ethylil*,  453 

TriethyUtibiiie-oiide,  chloride,  bromide 
iodide,  444  ;  oiyiodide,  anlphste, 
nitrate,  aotimoiute,  445;  (ulphide, 
thioaatimoaite,  eelenide,  446 

Trieth7btib>De,443 

Triethylmlphiiie  bromide.  383 


Triethyliulphine  lulphate,  333 
Triethyl  ■uluhonlc  uitric  aiide,  39T 
Triethyl  tellurium  iodide,  401 
Tri-ioJomcthane,  2S9 
Tri-inbutylamine,  585 
Tri-isopropylamine,  566 
Tri-iiopnipylphaepbiiie,  668 
THmethybicetamide,  S24 
Trimethylamine,  221  \  bydrochloride  of, 

Trimethylinine.  238 
Trimethykcetatfv,  623 
Trimethylaoetonitril,  823 
TrimethyUcstic  acid,  623 
Tcimethylacetyl  chloride.  624 
Trimethylacetyl  oxide,  624 
TriioethylammoDium  hydrochloride,  223 
Trimethylborine,  244 
Trimethyl  eartnuol,  S3tt 
Trimethylcarbyl  acetate,  SSO 
lYimethyl  eaibylamine,  690 
Trimethylcartiyl  chloride,  58S 
Trimethylcurt^l-dimethyl  carUnid,  045 
Trimethylcarl^l  ethyl  ether,  588 
Trinwthjlearbyl  iodide,  6B8 
Trimethylarityl-methyl  carbiuol,  632 
Trimet^karl^t-methyl  ketone,  833 
Trhnethylcarl^l  nitrite,  589 
Trimethylcarbyl  trimethylaceUIe.  624 
Trimethyt^thy]  methane  and  ita  dcriva- 

ILvea,  633 
Trimethyl  metliane,  583 
Trimethyl  i^osphiue,  233 
Trimethybtibine,  343 
Trimetbylatibine  iodide,  343 
Trimethiflitibuie  oxide,  243 
TriDwtbyliulphine  eompouudi,  314 
Irimethyl  tncartdmide,  226 
TriuittiMcetonitril,  531 
Trinitromethaae  or  nitntonn,  363 
Tripropylamine,  553 
Tripropylanine,  551 
Tripropyl  tin  iodide,  566 
TciMnHorff ;    primary    propyl     alcohol, 

549 ;  Taleric  add,  61S 
^Trooat ;  deteiminatioa  of  Taponr  deniity, 

94 
Turpentine,  flrat  attempta  at  di«tilUtk>n 

made  with,  3 
Typea  and  Radicall,  33 
T^i,  mixed,  28«  w{. 


Ulbics  ;  propionic  acid.  658 
Ultimate  organic  analyai*,  40  tt  mo. 
Undecylic  add,  667 
Unexplained  iaomeriam,  127 
Uantunted  cnmpoonda,  128 
Urpaa,  compound,  161 
Urethanen,  or  cabamie  ethera,  165 
Uslar;  butyro^eetic  add,  567 


Triethyl  Mil  phine  cyanide.  383 
Triethylaulphine  hydroxide,  382 
Triethylanlphine  iodide,  383 
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vini),  2SS;  alcohal  tsgb,  301;  etbjl 
ellier,  3^  ;  ethjl  chloride,  342 ;  *cetio 
uid,  433,  48a;  Tinegar,  403;  lead 
usetate,49» 

Taloraldehyae,  918 

Vklsnunide,  S21 

Yaleratea,  820;  nlcEiun,  barium,  liao 
and  rilTsr  valerates,  ib. 

FaJM-IOKd  offeiaalu,  add  from,  313 

Talerianic  acid,  182 

Valeric  adds,  SIT  ;  inactive,  S18 

Valeric  acid,  active,  632 


T^egmuitril,  SSI 
Talenpl  bnunide,  031 
Yaleijl  chloride,  631 
Talecyl  oumpoimdii,  821 
Tile^  cjauklis,  631 
Talcryl  iodide,  631 
Taleryl  oxide,  621 

Tiuquelin;    ether,  S36;    pcoperUeS    o 
ether,  334 ;  wine  oil  and  ethei,  354 


Venetian  k 


>ap,6M 

laitj;  detei 


metbcxl,  SS;  Oay-Loagac'i 
method,  ST;  Hobuum's  method,  89; 
'VTichelhaui's  hsrometer  tube,  92; 
Victor  Hejer's  metbodn,  94,  97  :  Call 
Hejer's  method,  100 ;  litentnre  on  the 
•object,  103 
Vaporimeta,  Qeisaler's,  313. 313 
V^etable  addi,important,  diiooveredb; 

Sibeele,  S 
V^etableflin  the  manofactnreor  alcohol. 


Tihemian  opului,  valeric  odd  i: 


fllS; 


Waltacb  ;  ettajl  ether,  E3S 
WsqU^  ;  distillatkm  ot  mi: 
propionic  add,  S53 ;  acetone,  G6B ;  pro- 
one,  006;  methyl-butyl  carbinol,  627 


h,  diitillaticxi  of, 

, ,-.,    _.     —W" 

219  ;    dimetbylaiDine,    331 ; 

machine,  304 
Vinegar;   or  dilute  acetic  add,  the  only 

add  koown  to  the  andents,  3 ;  lolveDt 

power  of,  according  to  the  andents, 

4B3;  maoafictare  of,  43T 
Vinegar  eel,  490 
Vinegar  fly,  490 
Vinegar-lamp,  Diibereiuei's,  330 
Viram  alcahiatum,  atroDg  aloohol,  385 
Vinyl  chloride,  13 
Vogel ;  nitpboaic  add,  350 
TiigBli ;  normal  ethyl  phoiphate,  3S5 
Vulatile  liquid,  percentage  composition 

Volatile  bodies,  maleeolar  formula  of,  103 
Volckel ;  pure  acetic  acid,  491 
Volhard;  methyl  formate,  3IS 
Yoita ;  inflammability  of  mar*h  gas,  190 
Van  ikuraguaia ;  addom  radicale,  4S4 


Waokmb  ;  ethyl  pelargonate  from  qninM,         643 


WeidmaoQ  ;  ethyl  sulpbiDe  add,  394 

Weith;  methylamioe,  218 

Wettden;  tn-iodide,  409 

Westendorf;  acetic  acid,  454 

Weatmmb ;  acetji)  add,  370 

'WetheiiU;  normal  ethyl  sulphate,  333 

Wichelhatu ;  barometer  tube  in  deter- 
mining vapour  density,  92;  dnoethide, 
453 

Wiegleb ;  wine-oil  and  ether,  354 

IVUl  and  Vairentrapp ;  determination  of 
nitrogen,  BS 

Will;  oil  of  rue,  966 

Williami,  Q, ;  diatillatian  of  Boghead  nn- 
nel,  131 ;  dichlormethane,  254 ;  heiane, 
—     oilofn       — 


637 

WiUm;  ethyl  monoehloracetate,53G 
'Wine ;  acquaintance  of  the  andenta  with 

the  preparation  of,  3,393 
Wine  ;  determination  of  alcoliol  in,  SOS ; 

table  giving  percentage  of  aloohol  in, 

314;  "manufactured,"  315 
Wine-tsater,  Oay-Lussac'i,  308 
Wine  vinegar,  487 
Wischic  ;  cine  etbyl  snlphinate,  397 
Wohler ;  discovery  ot  the  artificial  for- 

matioD  of  urea,  10 ;  radical  of  benioio 

add,  11 ;   ammonium    LT&nate    con- 


218;    ethyl  dinelenide,  £ 
ethyl  tellunda,399 

Wood ;  manufacture  of  methylated  spirit, 
317 

Wood-tar,  133 

Wonlte ;  hydrochloric  ether,  343 

Worti  J  discovery  of  the  compound  am- 
monias, 23 ;  the  formula  ethylamine, 
34j  theory  of  types,  27;  isolation  of 
radicals,  131;  apparatui  for  fractional 
distillation,  148;  aldehvdes,  130;  me- 
thylamioe, 313;  monocbloretber,  338 ; 
ethylamine,  401 ;  etbylated  chloride 
of  nitrogen,  40S ;  ethyl  carbimide,  415 ; 
ethyl  diacetamide.  519;  bntyl  alcohol, 
67S;  isobutane,  677;  methyl  propyl 
carUnol,  604;  amyl  alcohol,  608; 
dimethyletfayl-earbinol,616 ;  isoheiaoe, 
~"    '  oyl  nittil,  637  ;  isobeptane. 


'thyl  b 


meuijlpentane,  65S 
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Xutbic  idd  or  Btbjl-oijdiUiiocn'lnDM      Zino-ethoxiUe,  Ml 

•cid,  set  Ziae  othTl  oompoond*,  461 

Zuthic  dinilphide,  SSI  ZiiiMtb*l-etlKaide,  Ml 

ZIbo  etiiyl  latphiute,  S9T 
Zim:  etlijUte,  323 
T  Zinc  f  nhniitAte,  5S8 

ISno-uobotfl,  665 
Ziuo  iiobatTnte,  tfW 
ZmoMuethf I,  hktocy  of,  2M ;  pimniUM, 

24T :  uniustui  for  pnpuing,  248 
21iiciiitnde,4ei 


);  ethyl  h; 
nillihid«,3e 


Zotts;  butyriD    add,  SOS;   bntyiocdtril. 


ZlBc-«mf I,  eiS  ZuckKhwndt}   dno    ■ttq'l    loltliliiat 

Zino  bntrnte,  E94  S9T 

Zin»4iBUi7l*nuiie,  4SS  Zalkowik; ;  collectiii(  appumtoi^  7S 
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B  pages  c  ^ 

Roscoe  uid  Schortemmer'B  new  chemical  text-book  bo  less  than  IW)  are  ocL-upied  wl^ 
the  diicuBslon  of  the  melliodB  and  Che  pblloaopby  of  the  subject.  The  aritematio  de- 
•criptioa  of  individual  oi^oaic  oompouacls — their  occurrence,  their  prodaction,  Ihdr  prop- 
ertiee,  and  ttieir  reactions — begins  vith  the  methjl  gronp,  and  then  proceeds  throncb 
nineteen  i«otiona,  or  STO  nombered  paragraphi.  In  these  we  are  presented  with  well- 
digealed  accounts  of  bodies  OMttalnlng  from  one  to  twenty-four  atoma  of  carbon;  the 
Momatio  aeries,  and  Urase  compoands  which  hare,  up  to  the  present  time,  elodeid  clasoi- 
licatlan,  parUttlly  or  whollj,  bung  reaerred,  we  preaume,  for  the  second  and  concluding 
portion  (^  the  final  hutaOuent  of  the  work  before  us.  It  is  diffioalt  to  praise  too  highly 
the  seleoUon  of  materials  and  their  arrangement,  or  the  wealth  of  illustiatioDg  which 
explain  and  adorn  the  text.  In  its  woodcnts,  In  Its  technological  details,  in  Its  blstorii^l 
notices,  in  its  refercnoea  to  original  roemdra,  and,  it  may  be  added,  in  Its  dear  type, 
smootll  paper,  and  ample  margins,  the  Tolume  mider  reriew  presents  moat  commendable 
features.  Whatever  tests  of  accuracy  as  to  figures  and  facts  we  hare  been  able  to  wply 
hare  been  satisfactorily  met,  while  in  clearness  of  statement  this  Tolume  leaves  tuning 
to  be  desired.  Moreover,  it  is  most  satisftctory  to  find  that  the  progresa  of  this  tsIu- 
able  work  toward  complelioa  Is  so  rapid  that  Its  begim^ig  will  not  have  bewane  anU- 
quated  before  its  end  has  been  reached— oo  uncommon  oocnrrence  wtlb  elabonle  treatlaes 
oil  nitunJ  science  subjects." — London  Aeadimy. 

"The  authors  are  evidently  bent  on  making  tbdrbook  the  finest  syslematio  treatise 
on  modern  checUstry  In  tbe  &iglish  languAg«,  an  aim  in  which  they  are  well  seconded  by 
thetr  publishers,  who  spare  neither  pains  nor  cost  in  lUustratbig  and  otherwiae  letting 
fbttb  Uie  work  of  these  distinguished  chemists." — London  Aihtnaum. 

"It  has  been  the  aim  of  the  authors,  in  writing  their  present  treatise,  to  place  before 
Um  reader  a  fUrly  conqtlete  and  yet  a  clear  and  succinct  statement  of  the  facts  of  Hod- 
em  OhesniltTT,  while  at  the  same  time  entering  so  far  into  a  disona^on  of  chemical  theory 
as  the  size  of  the  work  and  the  present  transition  state  of  the  science  wlU  permit. 

"  Special  attcDtion  has  been  paid  to  the  accurate  description  of  the  more  important 
processes  in  technical  chemistry,  and  to  the  careful  rapresentatloo  of  Ibe  most  approved 
forms  of  apparatns  employed. 

"  JCnoh  attention  baa  likewise  been  ^vsn  to  the  representation  of  apparatna  adopted 
for  lecture-room  experiment,  and  the  numerous  new  illnetrationa  required  for  this  pur- 
pose have  all  been  taken  from  photographs  of  apparatus  aetoally  in  use." — Extrael  from 


Noir  York:  D.  AFPLETON  &  00.,  1,  8,  ft  S  Bond  Street. 
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Desclvanel's  Natural  Plvilosophy. 


Natural  Philosophy: 

^n  Mementary  Treatise. 
By  Professop  DESCHANEL,  of  Paris. 

TnuIMM,  irHb  EiUium  AddlUaBi, 

By  J.  D.  EVERETT,  D.  C.  L.,  T.  R.  S.. 

rttamaoE  or  iuiiul  muMonn  a  Tn  vma'i  colubi,  miLnar. 


1  Tolome,  medium  Sro.    Illuitnled  bj  760  Wood  EngnTingi  ud  Three  Colored  FlmteiL 
Cloth,  9B.T0. 


Jt-vHOAid.  aUa,  tq/anMy,  In  Ftmr  ArO.    Ztnq)  (Mt,  «aot  «1M. 

P»rt      I.  MBCHANIca  HVDROSTATICS,  ■nd  PNEUMATICS. 
II.  HEAT. 
"      III.  ELECTRICITY  and  MAGNETISM. 
"      IV.  SOUND  and  UOHT. 


SATPBDAT  BKVnCW. 
"  SyBtemattcwIlj  wrtnged,  clearly  written,  knd  adnlnbly  tUnstnted,  BhowJug  no  leM 
than  ItO  engravliigs  on  wood  and  three  colored  plates.  It  fonas  a  model  work  for  a  dasa 
of  experimental  phydot.  Far  from  loilog  in  Iti  EngUshdresa  any  of  the  qnalitiei  of  mat- 
ter or  style  which  diitinguiahed  it  in  ita  original  form.  It  may  be  said  to  hare  gwned  in 
the  able  hand!  of  Profesaor  Ererett,  Iralh  by  way  of  arrangement  and  of  iocnrporatton  of 
fresh  matter,  wHhont  parting  in  the  tnnalation  with  any  of  the  freihneaa  or  force  of  the 
auChor'i  text." 

ATSSlf^Ulf. 
"A  good  working  claw-book  for  itudentB  in  experimental  pbyiics." 

WKaTMtSBTXB  SSVIXW. 
"  An  excelleDt  hand-book  of  physics  especially  suitable  for  self-Instraction.  .  .  .  The 
work  la  publiabed  In  a  magnlflcent  style ;  the  woodcuts  Especially  are  adndrable." 

^UABTgBLT  JOUSSAL  OF  BCONCX. 
"  We  hare  no  work  in  our  own  scientific  literature  to  be  compai«d  with  it,  and  we 
are  glad  that  the  translation  bas  fallen  into  such  good  hands  as  those  of  Profeasor  Ererett. 
...  It  will  form  an  admirable  teit-book." 

IfATUBS. 
"  The  engravings  with  which  the  work  is  illustrated  are  espeCiBllj  good,  a  point  in 
wUob  most  of  oar  Engli-ih  scientific  works  are  lamentably  deficient.  The  cleameaa  of 
Deschanel's  explanatioos  Is  sdmi  rably  preierred  fn  tbe  translation,  while  the  Talne  of  tb« 
treatise  ii  oonsiderablyenhanoed  by somelmportant  additions.  .  .  .  We  bcJiere  the  book 
will  be  fonnd  to  supply  a  real  need."  '^ 

D.  APPLETON  4  CO.,  New  York. 
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